
FINAL REPORT ON 

CHARACTERIZATION AND TREATMENT 

OF COMBINED SEWER OVERFLOWS 
(F.W.P.C.A. GRANT WPD-112-01-66) 

•1 

SUBMITTED BY 

THE CITY AND COUNTY OF SAN FRANCISCO 

DEPARTMENT OF PUBLIC WORKS 

PREPARED BY 

ENGINEERING - SCIENCE, INC. 

NOVEMBER 1967 



DEPARTMENT OF PUBLIC WORKS 

CITY AND COUNTY OF SAN FRANCISCO 

OFFICE OF THE 
DIRECTOR OF PUBUC WORKS 

November 3 0 , 1967 260 CITV HALL 

SAN FRANCISCO 

CALIFORNIA 94102 

Federal Water Pollution Control Administration 
Division of Research and Training Grants 
633 Indiana Avenue 
Washington, D. C. 20025 

Gentlemen: 

In conformity with the conditions contained i n your grant to the 
City and County of San Francisco, No. WPD-112-01-66, "Feasibility 
of Control Measures for Treatment from Combined Sewers", I am 
pleased to transmit herewith our f i n a l report. 

The report covers an evaluation of the laboratory and f i e l d results 
from the sampling of two combined sewage overflows representing 15$ 
of the City's habitable area. 

The results of the study established mass discharge factors for 
many of the biological and chemical constituents of combined sewage. 
A major development of the study was a clearer understanding of the 
quantity of each constituent as related to time after start of storm. 
I am sure that the information contained i n the report w i l l also be 
of significant interest to other communities with combined sewer 
systems. 

Grateful acknowledgment is made to our consulting engineers, 
Engineering Science Inc., who performed the laboratory f i e l d work, 
and, in conjunction with my staff, prepared this report$ to Doctor 
E. Pearson and Doctor W. Kaufman, professors of the University of 
California at Berkeley, who acted as technical advisorsj and to the 
representatives of the State of California Department of Fish and'. 
Game, State Department of Public Health, and the State and Regional 
Water Quality Control Boards, who participated on a project advisory 
board that guided the direction of the study. 

Also, I wish to express my appreciation to your agency for making 
this project possible. 

S. M. Tatarian 
Director of Public Works 



F i n a l Report On 

CHARACTERIZATION AND TREATMENT 

OF COMBINED SEWER OVERFLOWS 

(F.W.P.C.A. GRANT WPD-112-01-66) 

Submitted by 

THE CITY AND COUNTY OF SAN FRANCISCO 
DEPARTMENT OF PUBLIC WORKS 

Prepared by 

ENGINEERING-SCIENCE, INC. 

Headquarters Research and Development Laboratory 
150 East F o o t h i l l Boulevard 4144 Telegraph Avenue 
A r c a d i a , C a l i f o r n i a Oakland, C a l i f o r n i a 

November 1967 



TABLE OF CONTENTS 

CHAPTER PAGE 

I INTRODUCTION 1-1 
OBJECTIVES 1-1 
SUMMARY PROJECT DESCRIPTION 1-2 
SUMMARY OF RESULTS 1-2 
MANAGEMENT OF THE STUDY 1-5 
ACKNOWLEDGEMENTS 1-5 

I I PREVIOUS STUDIES I I - l 
SURFACE RUNOFF FROM URBAN AREAS I I - 1 
COMBINED SEWER OVERFLOWS II-4 
TREATMENT OF COMBINED SEWER OVERFLOWS I I - 6 

I I I DESCRIPTION OF STUDY AREA AND MAJOR OUTFALLS I I I - l 
INTRODUCTION I I I - l 
DRAINAGE DISTRICTS I I I - l 

Richmond-Sunset D i s t r i c t I I I - l 
North Point D i s t r i c t I I I - 2 
Southeast D i s t r i c t I I I - 3 

FLOW CHARACTERISTICS I I I - 4 
Dry Weather I I I - 4 
Wet Weather I I I - 5 

OUTFALL SURVEY I I I - 8 
Lake Merced I I I - 9 
Vicente S t r e e t I I I - 9 
L i n c o l n Way , I I I - 9 
M i l e Rock 111-10 
Sea C l i f f 111-10 
Baker's Beach 111-10 
P i e r c e and Laguna Stree t s I I I - l l 
Beach S t r e e t I I I - l l 
Jackson S t r e e t I I I - l l 
Seventh S t r e e t , China Basin 111-12 
Marin S t r e e t , I s l a i s Creek 111-12 
Selby S t r e e t , I s l a i s Creek 111-12 
Yosemite S t r e e t , South Basin 111-13 
Sunnydale Avenue 111-13 

DESCRIPTION OF PILOT AREAS 111-13 
Selby S t r e e t System 111-13 
Laguna S t r e e t System 111-14 

IV METHODS OF STUDY IV-1 
DRY WEATHER MONITORING IV-1 

Selby S t r e e t IV-1 
Laguna S t r e e t IV-4 

WET WEATHER MONITORING IV-4 
Selby S t r e e t IV-4 
Laguna St r e e t IV-8 



f 

TABLE OF CONTENTS (CONT.) 

CHAPTER PAGE 

SPECIAL STUDIES IV-9 
Receiving Water C o l i f o r m Studies IV-9 

TREATMENT OF COMBINED SEWER OVERFLOWS IV-9 
LABORATORY PROCEDURES IV-11 

A n a l y t i c a l Methods IV-11 
Estimate of Laboratory E r r o r s IV-13 

V DATA PRESENTATION AND EVALUATION V - l 
DRY WEATHER MONITORING V - l 

Flow V - l 
Physical-Chemical Composition V - l 
Coliforms and Bioassay V - l 

WET WEATHER MONITORING V-4 
Hydrology V-4 
Physical-Chemical C h a r a c t e r i s t i c s V-4 
Coliforms V-7 
S p e c i a l Analyses V-8 
Mass Discharges V-9 
E v a l u a t i o n of Overflow Monitoring Results V-14 

RECEIVING WATER STUDIES V-15 
DISSOLVED AIR FLOTATION EXPERIMENTS V-19 

VI CONCLUSIONS AND RECOMMENDATIONS VI-1 
CONCLUSIONS VI-1 

Dry Weather Flows VI-1 
Combined Sewer Overflows VI-1 
Re l a t i o n s h i p s of Combined Sewer Overflows 

and Other Waste Discharges VI-3 
Impact of Combined Sewer Overflows on the 

B a c t e r i o l o g i c a l Q u a l i t y of Receiving 
Waters VI-4 

C o n t r o l of P o l l u t i o n From Combined Sewer 
Overflows: Separation of Combined Sewer 
Systems VI-4 

C o n t r o l of P o l l u t i o n From Combined Sewer 
Overflows: Treatment Methods VI-6 

RECOMMENDATIONS VI-7 

VII REFERENCES VII-1 

APPENDIX A: DESCRIPTION OF ENGINEERING-SCIENCE 
COMBINED SEWER OVERFLOW SAMPLER A-1 

APPENDIX B: LABORATORY METHODS B-1 
APPENDIX C: DRY WEATHER MONITORING DATA C - l 
APPENDIX D: WET WEATHER MONITORING DATA D-l 
APPENDIX E: SPECIFIC MASS DISCHARGE FACTORS E - l 
APPENDIX F: RECEIVING WATER COLIFORM DATA F - l 

i i 



LIST OF TABLES 

TABLE PAGE 

I - 1 ANNUAL MASS DISCHARGES ( l b / a c r e - y r ) 1-4 

I I - l CHARACTERISTICS OF SURFACE RUNOFF FROM URBAN AREAS II-2 

I I - 2 MEAN CONCENTRATION OF CONSTITUENTS IN URBAN LAND 

RUNOFF, CINCINNATI, OHIO H-3 

I I - 3 CHARACTERISTICS OF COMBINED SEWER OVERFLOWS I I - 5 

I I - 4 CHARACTERISTICS OF COMBINED SEWER OVERFLOWS AND 

STORM WATER AT OAKLAND I I - 7 
I I I - l COMPARISON OF RAINFALL DATA FROM OFFICIAL GAUGING 

STATIONS IN OR NEAR SAN FRANCISCO I I I - 6 

IV- 1 DATES OF DRY WEATHER MONITORING IV-1 

IV-2 ANALYSIS OF SAMPLING ERROR IV-7 

IV-3 ANALYTICAL METHODS IV-12 

IV- 4 ESTIMATION OF LABORATORY ANALYTICAL ERRORS IV-13 

V- l AVERAGE DRY WEATHER CONDITIONS V-2 

V-2 BIOASSAY TEST RESULTS-SELBY ST.. SYSTEM, DRY 

WEATHER FLOW V-3 

V-3 HYDROLOGIC DATA FOR MONITORED STORMS V-5 

V-4 BIOASSAY TEST RESULTS, SELBY ST. SYSTEM, 

WET WEATHER OVERFLOW V-8 
V-5 MACROSCOPIC PARTICULATE FRACTIONS OF COMBINED 

SEWER OVERFLOW CONSTITUENTS AS DETERMINED BY 
IMHOFF CONE SETTLING-SAMPLES FROM SELBY STREET V-9 

V-6 MEAN SPECIFIC MASS DISCHARGE FACTORS V-10 

V-7 MASS CONSTITUENTS IN WET WEATHER DISCHARGES FROM 
URBAN AREAS V - l l 

V-8 ANNUAL MASS DISCHARGES ( l b / a c r e - y r ) FOR URBAN AREAS 
SIMILAR TO PILOT SECTORS V-13 

V-9 COMPARISON OF MASS DISCHARGE FACTORS' IN 
SAN FRANCISCO AND DETROIT V-14 

i i i 



LIST OF TABLES (CONT.) 

TABLE PAGE 

V-10 LAGUNA STREET, DRY WEATHER RECEIVING WATER 
COLIFORM MPN'S 

V - l l LAGUNA STREET, DRY WEATHER RECEIVING WATER • 
COLIFORM MPN'S 

V- 12 TIDAL DATA, GOLDEN GATE BRIDGE 

VI- 1 CHARACTERISTICS OF PILOT SECTORS AND DRY 
WEATHER SEWAGE FLOWS 

VI-2 RELATIVE CONCENTRATIONS OF CONSTITUENTS IN COMBINED 
SEWER OVERFLOWS AND URBAN SURFACE RUNOFF 

V-16 

V-17 

V- 15 

VI- 1 

VI-3 

LIST OF FIGURES 

FIGURE 

I I - 1 CONSTITUENT CONCENTRATION VARIATIONS IN COMBINED SEWER 
OVERFLOWS NORTHAMPTON, ENGLAND (11) 

I I I - l SEWERAGE DISTRICTS, TRUNK SEWERS, AND MAJOR STORMWATER OVERFLOWS 
SAN FRANCISCO, CALIFORNIA 

I I I - 2 LAND USED FOR RESIDENCE 

I I I - 3 LAND USED FOR COMMERCE 

I I I - 4 LAND USED FOR INDUSTRY 

I I I - 5 RAINFALL INTENSITY-DURATION-FREQUENCY RELATIONSHIPS 
SAN FRANCISCO, CALIFORNIA 

I I I - 6 ESTIMATED STORM WATER DISCHARGE-RETURN PERIOD RELATIONSHIPS 
SAN FRANCISCO, CALIFORNIA 

I I I - 7 COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 

I I I - 8 COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 

I I I - 9 COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 

I I I - 1 0 COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 

I I I - l l COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 



LIST OF FIGURES (Cont'd) 

FIGURE 

III-12 COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 

111-13 COMBINED SEWER OVERFLOW OUTFALL STRUCTURES, SAN FRANCISCO 

111-14 SAN FRANCISCO COMBINED SEWER OVERFLOW STUDY - PILOT AREAS 

I I I - 15 FLOW PATTERNS AT SELBY STREET OVERFLOW STRUCTURE 

IV- 1 SELBY STREET OUTFALL DRY WEATHER MONITORING 

IV-2 COMBINED SEWER OVERFLOW STUDY, SAN FRANCISCO SELBY STREET 
OUTFALL PALMER-BOWLUS FLUME CALIBRATION CURVE 

IV-3 LAGUNA STREET OUTFALL DRY WEATHER MONITORING 

IV-4 WET WEATHER MONITORING SELBY STREET DIVERSION STRUCTURE 

IV-5 CENTER-LINE SECTION OF SELBY STREET DIVERSION STRUCTURE 

IV-6 SELBY STREET DIVERSION STRUCTURE MODIFICATIONS 

IV-7 PORTABLE CURRENT METER USED AT SELBY STREET 

IV-8 SELBY STREET OUTFALL DISCHARGE RATING CURVES 

IV-9 COMPARISON OF RAINGAUGE DATA 

IV-10 LAGUNA STREET RECEIVING WATER SAMPLING STATIONS 

IV- 11 URBAN STORMWATER RUNOFF FROM 27-ACRE RESIDENTIAL AND LIGHT-

COMMERCIAL AREA, CINCINNATI, OHIO (7) 

V- l DIURNAL DRY WEATHER FLOW VARIATIONS SELBY STREET 

V-2 DIURNAL DRY WEATHER FLOW VARIATIONS LAGUNA STREET 

V-3 DIURNAL VARIATIONS OF DRY WEATHER SEWAGE CHARACTERISTICS-SELBY 
STREET 

V-4 DIURNAL VARIATIONS OF DRY WEATHER SEWAGE CHARACTERISTICS-SELBY 
STREET 

V-5 DIURNAL VARIATIONS OF DRY WEATHER SEWAGE CHARACTERISTICS-LAGUNA 
STREET 

V-6 DIURNAL VARIATIONS OF DRY WEATHER SEWAGE CHARACTERISTICS-LAGUNA 
STREET 

v 



LIST OF FIGURES (Cont'd) 

FIGURE 

V-7 DIURNAL COLIFORM VARIATIONS SELBY STREET SEWER 

V-8 DIURNAL COLIFORM VARIATIONS LAGUNA STREET SEWER 

V-9 RAINFALL INTENSITY AND RATE OF DISCHARGE SELBY STREET OUTFALL 

V-10 RAINFALL INTENSITY AND RATE OF DISCHARGE SELBY STREET OUTFALL 

V - l l RAINFALL INTENSITY AND RATE OF DISCHARGE SELBY STREET OUTFALL 

V-12 RAINFALL INTENSITY AND RATE OF DISCHARGE SELBY STREET OUTFALL 

V-13 RAINFALL INTENSITY AND RATE OF DISCHARGE LAGUNA STREET OUTFALL 

V-14 CHARACTERISTICS OF RAINFALL AND COMBINED SEWER OVERFLOW, SELBY 
STREET 

V-15 CONSTITUENT CONCENTRATION VARIATIONS IN COMBINED SEWER OVERFLOW-
SELBY STREET 

V-16 CONSTITUENT CONCENTRATION VARIATIONS IN COMBINED SEWER OVERFLOWS-
SELBY STREET 

V-17 CONSTITUENT CONCENTRATION VARIATIONS IN COMBINED SEWER OVERFLOWS-
SELBY STREET 

V-18 CONSTITUENT CONCENTRATION VARIATIONS IN COMBINED SEWER OVERFLOWS-
SELBY STREET 

V-19 CONSTITUENT CONCENTRATION VARIATIONS IN COMBINED SEWER OVERFLOWS-
SELBY STREET 

V-20 COLIFORM MPN VARIATIONS IN COMBINED SEWER OVERFLOWS-SELBY STREET 

V-21 COLIFORM MPN VARIATIONS IN COMBINED SEWER OVERFLOWS-LAGUNA STREET 

V-22 CHLORINE REQUIREMENTS FOR COMBINED SEWER OVERFLOWS AS A FUNCTION 
OF COD 

V-23 COMPARISON OF RESULTS FROM SAN FRANCISCO AND NORTHAMPTON, 
ENGLAND (11) 

V-24 RAINFALL INTENSITY AND CONFIRMED COLIFORM MPN'S IN LAGUNA 
OUTFALL RECEIVING WATERS - MARCH 1967 

V-25 RAINFALL INTENSITY AND CONFIRMED COLIFORM MPN'S IN LAGUNA 
OUTFALL RECEIVING WATERS - MARCH 1967 

v i 



LIST OF FICURES (Cont'd) 

FIGURE 

V-26 RAINFALL INTENSITY AND FECAL COLIFORM MPN'S IN LAGUNA 
OUTFALL RECEIVING WATERS-MARCH 1967 

V-27 RAINFALL INTENSITY AND FECAL COLIFORM MPN'S IN LAGUNA 
OUTFALL RECEIVING WATERS-MARCH 1967 

V-28 RESULTS OF LABORATORY DISSOLVED AIR FLOTATION TESTS (COD) 

V-29 RESULTS OF DISSOLVED AIR FLOTATION TESTS (GREASE) 

V-30 RESULTS OF LABORATORY DISSOLVED AIR FLOTATION TESTS (COD) 

V-31 RESULTS OF DISSOLVED AIR FLOTATION TESTS (GREASE) 

V-32 RESULTS OF LABORATORY DISSOLVED AIR FLOTATION TESTS 

v i i 



CHAPTER I 

INTRODUCTION 

Combined sewer overflows are recognized as one of the major water 
p o l l u t i o n problems i n the United States today. Approximately h a l f the urban 
p o p u l a t i o n i n the U.S. i s served by combined sewer systems, and the s i t u a t i o n 
i n the C i t y of San F r a n c i s c o i s very s i m i l a r to that i n other m e t r o p o l i t a n 
areas. The C i t y ' s sewerage system dates from an era i n which sewage treatment 
was considered to be e i t h e r unnecessary or economically i n f e a s i b l e . Sewerage 
was i n s t i t u t e d f o r purposes of conveying any and a l l l i q u i d wastes to p o i n t s 
of convenient discharge. In the v i c i n i t y of San F r a n c i s c o the bay and ocean 
were l o g i c a l places to discharge m u n i c i p a l sewage and stormwater r u n o f f . As 
a consequence, the q u a l i t y of the waters adjacent to the C i t y d e t e r i o r a t e d 
e x t e n s i v e l y , and sewage treatment was i n s t i t u t e d f o r purposes of improving 
the l o c a l aquatic environment. For economic reasons the combined sewer sys
tem was not r e p l a c e d , and to t h i s day during wet weather the discharge of 
untreated sewage along w i t h surface runoff takes place. 

The p o l l u t i o n a l s i g n i f i c a n c e of combined sewer overflows has been mag
n i f i e d by the f a c t that d u r i n g the wet season a few h i g h i n t e n s i t y storms 
c r e a t e an obvious e s t h e t i c degradation of the aquatic environment. With 
outdoor r e c r e a t i o n a l a c t i v i t i e s occupying an i n c r e a s i n g l y l a r g e r p o r t i o n 
of the urban population's time, p u b l i c awareness of the p o l l u t i o n a l e f f e c t s 
engendered by overflows from combined sewers can c e r t a i n l y be expected t o 
i n c r e a s e . Therefore, a r e c o g n i t i o n of the problem e x i s t s today and a mandate 
to r e s o l v e i t i s not f a r i n the f u t u r e . 

At the time t h i s i n v e s t i g a t i o n commenced, the r e c o g n i t i o n of the e x i s t e n c e 
of s e r i o u s p o l l u t i o n from combined sewer overflows had not r e s u l t e d i n sys
tematic s t u d i e s of the c h a r a c t e r i s t i c s of such overflows and t h e i r p o l l u t i o n a l 
s i g n i f i c a n c e ; there had been l i t t l e work d i r e c t e d toward a q u a n t i t a t i v e 
d e f i n i t i o n of the problem. Estimates of the problem were l a r g e l y based upon 
the knowledge of the c h a r a c t e r i s t i c s of urban sewage and the i n t u i t i v e judge
ment that combined sewer overflows must be of a s i m i l a r nature. Furthermore, 
i t had been reasoned t h a t the storage of m a t e r i a l s i n combined sewer systems 
during low flow periods was greater than that i n separate systems because of 
the l a r g e r conduit s i z e s of the former, and t h a t the storm flows removed the 
s t o r e d m a t e r i a l s , r e s u l t i n g i n a h i g h degree of r e c e i v i n g water p o l l u t i o n . 

Across the n a t i o n proposed s o l u t i o n s to the problem have been d i v e r s e . 
One s o l u t i o n r e c e i v i n g a great d e a l of a t t e n t i o n and a c e r t a i n amount of o f 
f i c i a l support has been the obvious approach t o separating combined systems. 
Although c e r t a i n b e n e f i t s can be a n t i c i p a t e d from the conversion to separate 
systems, the engineering-economic f e a s i b i l i t y of t h i s s o l u t i o n f o r a l l 
communities has been ch a l l e n g e d . J u s t i f i c a t i o n f o r other methods of s o l v i n g 
the problem has l i k e w i s e been fragmentary. 

OBJECTIVES 

The general o b j e c t i v e of t h i s study was to develop workable systems to 
manage overflows from the combined sewers of San F r a n c i s c o , thereby a l l e v i a t i n g 



p o l l u t i o n and p r o t e c t i n g b e n e f i c i a l uses of l o c a l r e c e i v i n g waters, and 
to provide the r a t i o n a l e and methodolgy f o r c o n t r o l l i n g p o l l u t i o n from comr 
bined sewer overflows i n other m e t r o p o l i t a n areas of the United S t a t e s . 
The s p e c i f i c o b j e c t i v e s were: 

1. To e s t a b l i s h the r e l a t i o n s h i p s of q u a l i t y and q u a n t i t y of combined 
sewer overflows to the nature of the t r i b u t a r y area and to the normal d r y 
weather sewage flow from the area. 

2. To e s t a b l i s h the i n f l u e n c e of combined sewer overflows on the 
waters of San F r a n c i s c o Bay, e s p e c i a l l y w i t h regard to c o l i f o r m b a c t e r i a . 

3. To set f o r t h methods of reducing the discharge of p o l l u t a n t s from 
combined sewers by means of appropriate treatment. 

SUMMARY PROJECT DESCRIPTION 

The p r e l i m i n a r y phase of t h i s study c o n s i s t e d of a d e s c r i p t i o n of the 
p r i n c i p a l drainage d i s t r i c t s , s u b d i s t r i c t s , and major combined sewer o u t f a l l 
systems i n the C i t y and County of San F r a n c i s c o f o r purposes of s e l e c t i n g 
p i l o t areas f o r i n t e n s i v e study. Two p i l o t systems were u t i l i z e d : the Selby 
S t r e e t system and the Laguna S t r e e t system, so designated because of the 
l o c a t i o n of t h e i r overflow o u t f a l l s . 

The Selby S t r e e t system i s comprised of a t o t a l area of about 3,400 
a c r e s , whereas the Laguna S t r e e t system i s made up of an area of 350 acr e s . 
Both are mostly r e s i d e n t i a l i n nature, however few i n d u s t r i e s are l o c a t e d 
on the east s i d e of Bay Shore Freeway i n the Selby S t r e e t system. E i g h t 
storm overflows were monitored a t the Selby S t r e e t o u t f a l l and two were 
monitored i n the Laguna S t r e e t system. M o n i t o r i n g i n c l u d e d measurement of 
the r a i n f a l l and discharge as w e l l as the q u a l i t y c h a r a c t e r i s t i c s of the 
overflows. The b a c t e r i o l o g i c a l impact of such overflows on r e c e i v i n g waters 
was determined by a c o l i f o r m survey of a segment of the municipal marina 
adjacent to the Laguna S t r e e t o u t f a l l . F i n a l l y , l a b o r a t o r y t e s t s were 
conducted f o r the purpose of s e l e c t i n g s u i t a b l e methods f o r t r e a t i n g combined 
sewer overflows. 

SUMMARY OF RESULTS 

1. Analyses o f the data c o l l e c t e d during the study i n d i c a t e that the 
con c e n t r a t i o n o f v a r i o u s c o n s t i t u e n t s i n the overflows f o l l o w a d i s t i n c t 
p a t t e r n , and i t i s p o s t u l a t e d that the observed p a t t e r n can be d i v i d e d i n t o 
three phases, each o f which i s dominated by a s i n g l e phenomenon. The 
i n i t i a l phase i s most probably caused by a f l u s h i n g of sewage i n the lower 
reaches o f the sewerage system, and i n general i n i t i a l overflows have the 
c h a r a c t e r i s t i c s of raw sewage. During the second phase, a systematic 
scouring of m a t e r i a l s i n the sewer and on the surface appears to take p l a c e , 
and an increase i n the concentrations of the various p o l l u t i o n a l c o n s t i t u e n t s 
has been observed i n most in s t a n c e s . Subsequently the concentrations drop 
to a steady l e v e l , which c o n s t i t u t e s the t h i r d phase. The combination of 
r e l a t i v e l y u n p o l l u t e d surface r u n o f f and the normal sewage flow make up the 
discharges during the t h i r d phase. 



2. The time of decrease to a steady L e v e l , or decay time, has been 
found to be remarkably constant and v i r t u a l l y independent of the system 
physiography and the m e t e o r o l o g i c a l c o n d i t i o n s . 

3. The mass discharges of the various c o n s t i t u e n t s i n primary t r e a t 
ment e f f l u e n t , combined sewer overflows, and urban storm runoff are shown 
i n Table 1-1. I t can be seen that as compared to primary e f f l u e n t s , combined 
sewer overflows and urban storm runoff c o n t r i b u t e only small amounts of 
p o l l u t a n t s to the r e c e i v i n g waters. D i f f e r e n c e s between the discharges of 
combined sewer overflows and urban storm runoff are r e l a t i v e l y very s m a l l . 
This seems to i n d i c a t e that the separation of sewers would not r e s u l t i n 
any s i g n i f i c a n t r e d u c t i o n i n the incidence or magnitude of p o l l u t i o n of 
r e c e i v i n g waters. 

4. The r e c e i v i n g water studies demonstrated that c o l i f o r m l e v e l s i n 
waters proximate to combined sewer o u t f a l l s are s i g n i f i c a n t l y a f f e c t e d 
by wet weather discharges. I t has been concluded that d i s i n f e c t i o n of 
combined sewer overflows w i l l be necessary i f r e c e i v i n g waters are to meet 
e x i s t i n g r e c r e a t i o n a l water q u a l i t y requirements. 

5. Treatment of combined sewer overflows appears to be the most f e a s i b l e 
s o l u t i o n to the p o l l u t i o n a l problems caused by such discharges. For commu
n i t i e s such as San F r a n c i s c o , the separation of combined sewer systems con
s t i t u t e s one of the more c o s t l y a l t e r n a t i v e s . The d i s s o l v e d a i r f l o t a t i o n 
process i n c o n j u n c t i o n w i t h c h l o r i n a t i o n i s i n d i c a t e d to be an e f f e c t i v e 
method f o r t r e a t i n g the overflows. 

6. Based on the r e s u l t s of the present study the f o l l o w i n g recommendations 
are made: 

a. The present study should be continued i n order to assess the 
r e l a t i v e mass emission r a t e of p o l l u t a n t s c o n t r i b u t e d by 
surface runoff w i t h respect to the p o l l u t i o n o r i g i n a t i n g as 
a r e s u l t of s a n i t a r y sewage. In a d d i t i o n an e v a l u a t i o n of 
the impact of the discharge of combined sewers on the 
aquatic environment should be made. I t would a l s o be d e s i r 
able to conduct l a b o r a t o r y experiments to determine the e f f i c a c y 
of the use of chemical a d d i t i v e s as a part of the treatment 
of overflows by means of d i s s o l v e d a i r f l o t a t i o n . F u r t h e r 
a n a l y s i s of the p a t t e r n and d i s t r i b u t i o n of r a i n f a l l i n 
r e l a t i o n to the r e s u l t a n t p o l l u t i o n a l e f f e c t s would a l s o be 
worthwhile. 

b. A small treatment f a c i l i t y should be constructed to t r e a t the 
overflows from one of the minor o u t f a l l s of the C i t y . The 
treatment process should c o n s i s t of d i s s o l v e d a i r f l o t a t i o n 
and c h l o r i n a t i o n . The Baker S t r e e t o u t f a l l i n the northern 
s h o r e l i n e of the C i t y seems most s u i t a b l e f o r t h i s demonstra
t i o n because of i t s r e l a t i v e l y small watershed s i z e (167 acres) 
and because the b e n e f i t s accrued w i l l be s u b s t a n t i a l i n t h a t 
the r e c e i v i n g waters i n t h i s area have an intense r e c r e a t i o n a l 
use. 
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TABLE 1-1 

ANNUAL MASS DISCHARGES ( l b / a c r e - y r ) 

Constituent 

BOD 

COD 

SS 

VSS 

Grease 

N 

P 0 4 

Primary 
E f f l u e n t 

Selby 

1,450 

344 

250* 

262* 

Laguna 

4,050 

2,420* 6,750* 

1,415* 3,970* 

900 2,780 

965 

792* 

830* 

* Assumptions: 
BOD:COD = 0.60 
VSS:SS =0.70 
N = 35.7 mg/l 
PO4 =37.5 mg/l 

Per C a p i t a Flows 
Selby - 96 gcd 
Laguna - 107 gcd 

Combined 
Sewer Overflows 
Selby 

101 

447 

632 

146 

36 

10.6 

2.4 

Laguna 

136 

480 

538 

224 

41 

15.6 

3.2 

Separate + 

Storm Sewer 
Discharges 

Selby 

25 

188 

570 

125 

7.0 

2.0 

+ C a l c u l a t e d from Mass Discharge 
Factors from C i n c i n n a t i 
(See Table V-7) and annual 
r u n o f f i n the two p i l o t sectors 
i n San F r a n c i s c o . 

Laguna 

29 

218 

~ 500 

145 

8.2 

2.3 
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CHAPTER I I 

PREVIOUS STUDIES 

U n t i l r e c e n t l y , i n v e s t i g a t i o n of the q u a l i t y c h a r a c t e r i s t i c s of combined 
sewer overflows had not r e c e i v e d a great deal of a t t e n t i o n i n the United 
S t a t e s . Only s c a t t e r e d reports appear i n the s a n i t a r y engineering l i t e r a t u r e 
and these are i n general devoted to the h y d r a u l i c and h y d r o l o g i c aspects of 
combined sewers. Very few of the reported studies have incorporated an evalu
a t i o n of the q u a l i t y c h a r a c t e r i s t i c s of combined sewer overflows and i n no 
known instance have comprehensive monitoring programs been conducted. On the 
other hand, a q u a l i t a t i v e p i c t u r e of the p r i n c i p a l phenomena associated w i t h 
combined sewer overflows can be constructed on the b a s i s of the published 
r e p o r t s d e a l i n g w i t h surface r u n o f f and i n f o r m a t i o n on the dry weather sewage 
c h a r a c t e r i s t i c s . 

SURFACE RUNOFF FROM URBAN AREAS 

A number of i n v e s t i g a t o r s have recognized that simple urban storm runoff 
i s a s i g n i f i c a n t f a c t o r i n p o l l u t i o n a s s o c i a t e d w i t h combined sewer overflows 
(1^ 2, 3, 4, 5, 6, and 7). Table I I - l , prepared by the P u b l i c Health S e r v i c e ( 8 ) , 
summarizes c e r t a i n of the f i n d i n g s . Examination of Table I I - 1 leads to the 
c o n c l u s i o n that s i g n i f i c a n t q u a n t i t i e s of major p o l l u t i o n a l c o n s t i t u e n t s are 
entrained i n r u n o f f from urban areas. However, there has been no known attempt 
to assess the r e l a t i v e c o n t r i b u t i o n of surface r u n o f f to the aggregate p o l l u 
t i o n a l content of combined sewer overflows. I n t e r e s t i n such i n f o r m a t i o n i s 
more than academic. As a p r e r e q u i s i t e to the design of c o n t r o l systems or 
treatment processes f o r combined sewer overflows, i t i s e s s e n t i a l that the 
problem be w e l l understood i n terms of the character of the major i n p u t s . 

Weibel (7) has presented r e s u l t s from a monitoring of urban surface r u n o f f 
i n C i n c i n n a t i and h i s study has represented the most comprehensive e f f o r t of 
t h i s nature undertaken to date. Data were c o l l e c t e d over a two-year p e r i o d 
u s i n g automated sampling equipment. During t h i s p e r i o d a wide range of meteor
o l o g i c a l c o n d i t i o n s were experienced and the conclusions developed are probably 
a p p l i c a b l e to urban areas of s i m i l a r c h a r a c t e r i s t i c s . 

Table I I - 2 i l l u s t r a t e s W e i b e l 1 s c a l c u l a t i o n s of mean concentrations of 
v a r i o u s c o n s t i t u e n t s i n urban land r u n o f f as a f u n c t i o n of time. I t was not 
evident that there was a s i g n i f i c a n t r e l a t i o n s h i p between antecedent dry p e r i o d 
and the q u a l i t y of urban surface r u n o f f . 

Based on h i s h y d r o l o g i c and urban r u n o f f q u a l i t y data, Weibel c a l c u l a t e d 
the annual mass discharge of v a r i o u s c o n s t i t u e n t s i n urban surface r u n o f f . 
These values are shown on the f o l l o w i n g page. Weibel concluded that urban 
surface r u n o f f cannot be neglected i n c o n s i d e r i n g waste loadings from urban 
sources. 
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TABLE I I - l 

CHARACTERISTICS OF SURFACE RUNOFF FROM URBAN AREAS (8) 

Constituent S e a t t l e , 
Washington 

Qxney, 
England 

Moscow 
U.S.S.R. 

Leningrad, 
U.S.S.R. 

Stockholm, 
Sweden 

P r e t o r i a , 
Park 
Area 

S . A f r i c a 
Business 
D i s t r i c t 

BOD (mg/l) 10 100(max) 18-285 36 17-80 30 34 

COD (mg/l) 18-3100 29 28 

T o t a l S o l i d s (mg/l) 30-8000 

Susp. S o l i d s (mg/l) 2,045 1,000-3,500 14,541 

C o l i f o r m (MPN/lOO ml) 16,000 40-200,000 240,000 230,000 

Org.-N (mg/l) 9.0 (max) 5-4 3.5 

N0 3-N (mg/l) 2.8 (max) 

Soluble P (j j g / l ) 784 (max) 

T o t a l P ((lg/1) 1,400(max) 

Fixed Residue (mg/l) 210-2420 

Di s s o l v e d S o l i d s (mg/l) 228 154 



TABLE I I - 2 

MEAN CONCENTRATIONS OF CONSTITUENTS IN URBAN 
LAND RUNOFF, CINCINNATI, OHIO (7) 

Time a f t e r s t a r t of r u n o f f 
0-15 15-30 30-60 60-120 120 min 

Con s t i t u e n t min min min min and over 

SS, mg/l 390 280 190 200 160 

VSS, mg/l 98 69 47 58 38 

COD, mg/l 170 130 110 97 72 

BOD, mg/l 28 26 23 20 12 

T o t a l Nitrogen -N, mg/l 3.6 3.4 3.1 2.7 2.3 

PO^ ( t o t a l s o l u b l e as PO^) mg/l 0.99 0.86 0.92 0.83 0.63 



ANNUAL MASS DISCHARGE OF CONSTITUENTS IN URBAN 
SURFACE RUNOFF, CINCINNATI OHIO 

Constituent 
Annual Discharge 

(lbs/Acre per Year) 

Suspended S o l i d s 
V o l a t i l e Suspended S o l i d s 
Chemical Oxygen Demand (COD) 
Biochemical Oxygen Demand (BOD5) 
T o t a l K j e l d a h l Nitrogen 
Phosphate (PO.) 

730 
160 
240 
33 
8.9 
2.5 

COMBINED SEWER OVERFLOWS 

The c h a r a c t e r i s t i c s of combined sewer overflows have been analyzed to 
var i o u s degrees by a number of i n v e s t i g a t o r s . In most cases, however, i t 
i s not p o s s i b l e to develop a s c i e n t i f i c e x p l a n a t i o n of system behavior from 
the reported data. 

Palmer (1) pub l i s h e d r e s u l t s from a s e r i e s of observations i n D e t r o i t . 
H i s c o n c l u s i o n was that combined sewer overflows i n that c i t y have the 
f o l l o w i n g "average" c h a r a c t e r i s t i c s : 

Constituent Concentration 

Dunbar and Henry (9) have published s i m i l a r data from s e v e r a l l o c a t i o n s . 
These data are presented i n Table I I - 3 . 

L i m i t e d data on suspended s o l i d s discharges i n combined sewer overflows 
have been published by Romer and Klashman (10). They report the f o l l o w i n g 
data from S h e f f i e l d and Heywood, England: 

Time a f t e r Commencement Suspended S o l i d s - mg/l 
of Overflow - Hours S h e f f i e l d Heywood 

T o t a l Coliforms (MPN) 
5-day BOD 
Suspended S o l i d s 
V o l a t i l e Suspended S o l i d s 

4,300,000 per 100 ml 
50 mg/l 

250 mg/l 
100 mg/l 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

592 
602 
671 

1701 
1259 
1335 
1012 
1006 
979 
417 
401 
263 

2380 
1100 
690 
500 
380 
830 
280 
180 
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TABLE II-3 

CHARACTERISTICS OF COMBINED SEWER OVERFLOWS (9) 

C i t y 

B u f f a l o 
N.Y. 

B u f f a l o 
N.Y. 

Bu f f a l o 
N.Y. 

Toronto 
Ont. 

Toronto 
Ont. 

Welland 
Ont. 

C o l i f o r m 
(MPN/lOO ml) 

23,000 to 
2,400,000 

70,000 to 
3,500,000 

210,000 

T o t a l S o l i d s 

(mg/l) 

498 to 754 

461 to 785 

850 to 960 

Suspended S o l i d s 

(mg/D 

172 to 1,220 

158 to 544 

126 to 436 

130 to 930 

17 to 580 

168 to 426 

BOD 
(mg/l) 

100 to 162 

121 to 127 

40 to 260 

0 to 100 

220 to 614 



In 1963 Gameson and Davidson (11) published r e s u l t s of the f i r s t known 
attempt at a comprehensive study of the v a r i a t i o n s i n q u a n t i t y and q u a l i t y 
of combined sewer overflows. Figure I I - l i s a p l o t of a data summary presented 
by Gameson and Davidson (Table 6 of that paper). 

The data p l o t t e d represent long term weighted averages, hence the u s u a l l y 
reported very sporadic i n i t i a l readings are not i n d i c a t e d . In c o n s i d e r i n g these 
data, i t must be kept i n mind that the r e l i a b i l i t y of the e a r l y data i s much 
more questionable than that of the l a t t e r . In general, however, three periods 
seem to be defined. The i n i t i a l f l u s h i n g of loose and l i g h t m a t e r i a l s trapped 
i n the sewers and on the surface probably followed by a systematic scouring 
of the i n t e r i o r of the sewer, f i n a l l y , converging to a c o n d i t i o n of simple 
mixing of flows. However, the magnitude and d u r a t i o n of each phase may be 
unique to each system. 

Table I I - 4 compares the c h a r a c t e r i s t i c s of combined sewer overflows and 
storm sewer overflows i n Oakland, C a l i f o r n i a (8). Both storm water and combined 
sewer overflows c o n t a i n s u b s t a n t i a l p o l l u t i o n a l loads as measured by the c l a s s i c a l 
standards. D i f f e r e n c e s seem to be most s i g n i f i c a n t w i t h respect to the number 
of c o l i f o r m s present as might be expected. 

TREATMENT OF COMBINED SEWER OVERFLOWS 

Treatment of combined sewer overflows has c h a r a c t e r i s t i c a l l y c o n s i s t e d 
of the d i v e r s i o n of l e s s e r flows to conventional treatment p l a n t s w i t h no 
e f f o r t being given to d e a l w i t h the l a r g e r flows. Storage of v a r i o u s f r a c t i o n s 
of overflows has been considered i n s e v e r a l communities, such as Chicago (12) 
and New York (13). However, as p r e v i o u s l y mentioned, design c r i t e r i a i n most 
instances appear to have been developed s o l e l y on h y d r o l o g i c c o n s i d e r a t i o n s . 

I I - 6 



TABLE I I - 4 

CHARACTERISTICS OF COMBINED SEWER 

OVERFLOWS AND STORM WATER AT OAKLAND (8) 

Determination 

Combined Sewer Overflows 
(14 samples from v a r i o u s 

s t a t i o n s ) 

Storm Sewer Flows 
(21 samples from 
v a r i o u s s t a t i o n s ) Determination 

Minimum Maximum Average Minimum Maximum Average 

DO (mg/l) 2.4 9.6 6.9 0 13.2 7.3 

BOD (mg/l) 13 153 59 3 > 700 87 

T o t a l S o l i d s (mg/l) 132 1,327 400 726 726 1,401 

V o l . S o l i d s (mg/l) 83 291 144 168 168 168 

Susp. S o l i d s (mg/l) 60 1,120 203 16 4,400 613 

C o l i f o r m (MPN/ml) 2,300 2,400,000 293,000 4 70,000 11,800 

Chl o r i d e s (mg/l) 619 619 619 300 10,260 5,100 

O i l & Grease (mg/l) 8 66 33 2 162 32 

Sand (mg/l) 0 276 76 7 868 158 

PH 6.8 7.4 7.1 6.3 7.8 6.9 
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CHAPTER I I I 

DESCRIPTION OF STUDY AREA AND MAJOR OUTFALLS 

INTRODUCTION 

The f i r s t comprehensive study and plan f o r the o v e r a l l sewerage of the 
C i t y of San Fr a n c i s c o was undertaken i n the 1890's, and c o n s t r u c t i o n of 
a planned system of main sewers and i n t e r c e p t o r s began about 1910. At 
that time the need f o r sewage treatment was not a n t i c i p a t e d , and a system 
of combined sewers was considered to be the most reasonable method f o r the 
conveyance of s a n i t a r y wastes, i n d u s t r i a l discharges, and storm runoff . The 
discharge p o i n t s were l o c a t e d at convenient p o i n t s along the e n t i r e periphery 
of San Fr a n c i s c o . 

As a r e s u l t the c o n d i t i o n s o f the bay and beach areas r a p i d l y d e t e r i o r a t e d 
and the C i t y i n i t i a t e d engineering s t u d i e s f o r waste treatment i n 1935. 
Since that time San Fra n c i s c o has constructed i n t e r c e p t o r sewers which c o l l e c t 
a l l the dry weather flow. Primary treatment i s c a r r i e d out at three l o c a t i o n s 
and a f t e r c h l o r i n a t i o n the e f f l u e n t from these p l a n t s i s discharged to the 
r e c e i v i n g waters. Current p l a n t c a p a c i t y allows the treatment of ru n o f f from 
0.02 inch of r a i n per hour, which i s equivalent to about twice the normal 
dry weather flow (the design i n t e r c e p t o r r a t i o i s 3:1) but amounts to only 
two percent of the design c a p a c i t y of the storm d r a i n system. Thus, under 
c o n d i t i o n s of heavy r u n o f f , a mixture of storm water and sewage bypasses 
treatment and i s discharged to the r e c e i v i n g waters. 

The C i t y ' s Department of P u b l i c Works had estimated that the cost of con
s t r u c t i n g a separate sewer system would be $1.4 b i l l i o n ( i n c l u d i n g bond redemp
t i o n , engineering, and a 30-year c o n s t r u c t i o n p e r i o d ) , or about $25,000 per 
acre of h a b i t a b l e land on a present worth b a s i s . Consequently, the C i t y 
i n s t i t u t e d a program to explore the p o s s i b i l i t y of an a l t e r n a t i v e s o l u t i o n 
to the problem. I t was the o b j e c t i v e of t h i s program to provide i n f o r m a t i o n 
f o r purposes of developing a workable system to t r e a t the overflows from the 
combined sewer system. 

This chapter contains a d e s c r i p t i o n of those elements of the C i t y ' s 
sewerage system and treatment f a c i l i t i e s which are p e r t i n e n t to the evalua
t i o n of the problems engendered by combined sewer overflows. 

DRAINAGE DISTRICTS 

As shown i n Figure I I I - l , the C i t y of San Francisco i s d i v i d e d i n t o three 
d i s t r i c t s f o r purposes of sewerage and sewage treatment. Because the e n t i r e 
sewerage system i s combined, these d i s t r i c t s a l s o comprise d i s c r e t e watershed 
areas f o r storm runoff . A more d e t a i l e d map of the sewerage system i s i n c luded 
i n s i d e the back cover of t h i s r e p o r t . 

Richmond-Sunset D i s t r i c t 

This area l i e s on the western side of San Fra n c i s c o and comprises an area 
about 9,500 acres, not i n c l u d i n g the p u b l i c lands west of Lake Merced, the 
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beach areas, L i n c o l n Park, and the P r e s i d i o . Figures I I I - 2 . I I I - 3 , and I I I - 4 
show that the' p r i n c i p a l land use i s r e s i d e n t i a l , w i t h the usual commercial 
establishments appearing along the major thoroughfares. These data were 
obtained from a land use survey conducted by the San F r a n c i s c o Department 
of C i t y Planning i n 1964 and are based on ground f l o o r usage. Hence, an area 
i n d i c a t e d as commercial might, i n a d d i t i o n , serve r e s i d e n t i a l purposes above 
the ground f l o o r . The 1960 p o p u l a t i o n f i g u r e was 215,000 and by 1980 i t i s 
expected to reach 250,000. The design u l t i m a t e population f o r t h i s d i s t r i c t 
i s 280,000. 

Although Twin Peaks at an e l e v a t i o n of about 800 f e e t i s the a c t u a l 
eastern boundary of the d i s t r i c t , f o r p r a c t i c a l purposes the sewerage s e r v i c e 
begins at a much lower e l e v a t i o n , nominally about 400 f e e t . In g e n e r a l , the 
sewers f l o w i n g from east to west have r e l a t i v e l y steep grades. Consequently 
there i s l i t t l e problem w i t h f o u l i n g i n these systems. 

This area i s served by the Richmond-Sunset Sewage Treatment P l a n t l o c a t e d 
at the western end of Golden Gate Park near L i n c o l n Way. The design dry 
weather c a p a c i t y of t h i s p l a n t i s 22.5 mgd and the average flow during June 
1966 was 19 mgd. The design storm f l o w c a p a c i t y of t h i s p l a n t i s 70 mgd. 
The p l a n t provides primary treatment w i t h p o s t - c h l o r i n a t i o n of the e f f l u e n t 
before d i s c h a r g i n g the e f f l u e n t i n t o the ocean near M i l e Rock, which i s o f f 
the northwest t i p of San F r a n c i s c o . The sludge i s digested and f i l t e r e d f o r 
use by the C i t y Park S e r v i c e as a s o i l c o n d i t i o n e r . 

Receiving water uses along the ocean boundaries of the Richmond-Sunset 
D i s t r i c t are l a r g e l y r e c r e a t i o n a l . According to a 1965 survey, 80 percent of 
the t o t a l ocean beach usage i s confined to the area between C a b r i l l o and 
V i c e n t e S t r e e t s . As shown i n F i g u r e I I I - 5 , there are s i x major storm water 
overflows i n the Richmond-Sunset D i s t r i c t . Two of these terminate on the 
C a b r i l l o Vicente Beach, and a l l are i n c l o s e p r o x i m i t y to beach s i t e s . I t 
i s b e l i e v e d that the r e c r e a t i o n a l uses of the beach areas w i l l increase i n 
the near f u t u r e . 

North Point D i s t r i c t 

This d i s t r i c t encompasses 9,000 acres i n the northeastern corner of San 
F r a n c i s c o and i n c l u d e s the e n t i r e downtown s e c t i o n as w e l l as much of the 
i n d u s t r i a l park area l o c a t e d south of the Bay Bridge Skyway. 

As i s evident from F i g u r e s I I I - 2 , I I I - 3 , and I I I - 4 land usage i s q u i t e 
d i v e r s i f i e d . The present p o p u l a t i o n of t h i s area i s 487,000 and the u l t i m a t e 
design estimate i s 835,000. The north c e n t r a l s e c t i o n of the d i s t r i c t w i l l 
be the s i t e of extensive h i g h r i s e apartment c o n s t r u c t i o n . 

Except i n w a t e r f r o n t areas, the slopes of the sewers are r e l a t i v e l y steep 
and f o u l i n g u s u a l l y occurs 1 only as::a . r e s u l t of s p e c i f i c i n d u s t r i a l discharges. 

The dry weather design c a p a c i t y of the p l a n t (primary treatment w i t h 
p o s t - c h l o r i n a t i o n ) i s 65 mgd. The average flow f o r June 1966 was 54 mgd. 
There are no sludge d i g e s t i o n f a c i l i t i e s ; sludge i s pumped through a s i x m i l e 
f o r c e main to the Southeast P l a n t f o r d i g e s t i o n and d i s p o s a l . G r i t and screen
ings are hauled to a s a n i t a r y l a n d f i l l s i t e . During storm flow p e r i o d s , ' t h e 
p l a n t w i l l accept a flow up t o 150 mgd. 
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The o u t f a l l system branches i n t o four separate o u t l e t s . Two of these 
terminate at the end of P i e r 33 and two at the end of P i e r 35. The end 
of the p i e r s are approximately 1,000 f e e t o f f s h o r e . Each o u t l e t i s term
inated with a 45 degree elbow, and discharges 10 f e e t below mean lower low 
water downward i n t o approximately 30 f e e t of water. 

Ge n e r a l l y r e c e i v i n g water usage v a r i e s from water contact sports i n 
the Marina and Aquatic Park areas to ship b e r t h i n g and f i s h i n g i n the 
v i c i n i t y of C e n t r a l Basin. I t i s a n t i c i p a t e d that the b e n e f i c i a l uses w i l l 
be a l t e r e d s u b s t a n t i a l l y i n the near f u t u r e , and water q u a l i t y standards 
w i l l be much more s t r i n g e n t . 

F i v e major storm water overflows serve the North P o i n t D i s t r i c t . Two 
of these s p i l l i n t o the r e c r e a t i o n a l areas of the Marina w h i l e two others 
are located along the Embarcadero. The f i f t h and l a r g e s t discharges i n t o 
the head of China Basin. 

Southeast D i s t r i c t 

The Southeast D i s t r i c t covers approximately 7,100 acres of r e s i d e n t i a l 
and i n d u s t r i a l land. Current and design p o p u l a t i o n estimates are 161,000 
and 400,000 r e s p e c t i v e l y . There are very few commercial establishments i n 
t h i s d i s t r i c t . As shown i n Figure I I I - 4 , the i n d u s t r i a l a c t i v i t y i s confined 
to the area east of the Bayshore Freeway. Among the i n d u s t r i e s l o c a t e d i n 
t h i s zone, there are s e v e r a l which produce troublesome discharges: meat 
packing p l a n t s , t a n n e r i e s , rendering p l a n t s , wool p u l l i n g operations, p o u l t r y 
processing, p a i n t manufacturers, breweries, e t c . Many of the i n d u s t r i e s 
operate on a batch b a s i s and discharges o f t e n occur i n s l u g s , t h i s being 
r e f l e c t e d by analyses made at the treatment p l a n t , which have shown that pH 
and BOD pulses appear f r e q u e n t l y at the headworks. 

In the r e s i d e n t i a l areas the sewers have adequate grades. However, i n 
the i n d u s t r i a l zone many are r e l a t i v e l y f l a t and prone to f o u l i n g . The 
Southwest sector of t h i s d i s t r i c t , d i s c h a r g i n g at Selby S t r e e t , i s unique 
f o r San F r a n c i s c o as the time of c o n c e n t r a t i o n - approximately 50 minutes -
i s the longest of any s e c t o r i n the c i t y . 

The Southeast Treatment P l a n t i s l o c a t e d i n the heart of the i n d u s t r i a l 
area j u s t south of I s l a i s Creek. Primary treatment and c h l o r i n a t i o n are 
p r a c t i c e d , and the e f f l u e n t i s discharged to I s l a i s Creek near the T h i r d 
S t r e e t Bridge. The dry weather design c a p a c i t y of the p l a n t i s 30 MGD and 
current dry weather flow i s about 17 MGD. The h y d r a u l i c c a p a c i t y of the 
p l a n t has been r e s t r i c t e d to 30 MGD, but p l a n t m o d i f i c a t i o n s now underway 
expected to increase t h i s c a p a c i t y to 70 MGD. 

R e c e i v i n g water uses i n t h i s l o c a l e are r e s t r i c t e d almost e n t i r e l y to 
ship b e r t h i n g , although some f i s h i n g takes place i n the deeper waters. 

There are four major storm water o u t f a l l s i n the Southeast D i s t r i c t . Two 
of these are l o c a t e d at the head of I s l a i s Creek (Marine S t r e e t and Selby S t r e e t ) 
and the others discharge i n the v i c i n i t y of C a n d l e s t i c k Park. 
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FLOW CHARACTERISTICS 

Dry Weather 

The main trunk sewers f o r each d i s t r i c t are shown w i t h the d i s t r i c t 
boundaries i n Figure I I I - l . These define the dry weather flow p a t t e r n s as 
w e l l as those of wet weather up to the p o i n t s of bypass. 

In the Richmond-Sunset D i s t r i c t a l l flows converge at the p l a n t near 
the f o o t of L i n c o l n Way. A p o r t i o n of the flow from the Lake Merced area 
i s conveyed to the Vicente S t r e e t trunk at 34th Avenue. A pumping s t a t i o n 
west of the Lake r e c e i v e s some of the sewage from t h i s area through the o l d 
storm flow l i n e to the south of the lake and pumps i t to Vicente S t r e e t 
near 44th Avenue. 

In the southern p o r t i o n of the Richmond-Sunset D i s t r i c t flow i s by 
g r a v i t y to the p o i n t of convergence on L i n c o l n Way. The eastern h a l f of 
the Richmond d i s t r i c t , however, slopes to the northwest and, during dry 
weather flows proceeds to Lake and 26th S t r e e t . From there a tunnel c a r r i e s 
the sewage to F u l t o n and 25th Avenue, where i t j o i n s the other flows from 
the north before e n t e r i n g the p l a n t . 

The average per c a p i t a volume c o n t r i b u t i o n i s about 90 g a l l o n s per day, 
and analyses made at the p l a n t show the c h a r a c t e r i s t i c s of the dry weather 
flow to be r e p r e s e n t a t i v e of normal domestic sewage. Average r e s u l t s of 
samples taken d u r i n g June 1966 were: 

* 24-hour composite samples 

The North P o i n t P l a n t i s the terminous of two trunk systems. To the 
west the n a t u r a l drainage p a t t e r n i s n o r t h , and flows o r i g i n a t i n g i n t h i s 
zone are i n t e r c e p t e d at the f o o t of P i e r c e S t r e e t from which p o i n t they are 
pumped d i r e c t l y to the p l a n t . Dry weather discharges from the remainder of 
the d i s t r i c t are u l t i m a t e l y transported v i a the North P o i n t Main which l i e s 
beneath Sansome S t r e e t north of Market. Slopes i n the western downtown area 
are g e n e r a l l y s o u t h e a s t e r l y , thus the flow from t h i s sector to the p l a n t 
proceeds i n a counterclockwise f a s h i o n . Not shown i n Figure I I I - l i s an 
i n t e r c e p t o r which l i e s along Berry S t r e e t north of China B a s i n . This l i n e 
p i c k s up flows which u n t i l r e c e n t l y discharged i n t o the b a s i n . 

The e f f e c t s of i n d u s t r i a l - c o m m e r c i a l establishments w i t h respect to 
volume of flow are evident. The average i n the North P o i n t D i s t r i c t i s 
about 110 g a l l o n s per c a p i t a per day. The s t r e n g t h c h a r a c t e r i s t i c s are 

* 

5-day BOD 

Suspended S o l i d s 

Grease 

210 mg/l 

213 mg/l 

44 mg/l 

Sand 171 cu f t / d a y 

64 cu.ft/day ; Screenings 
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higher than i n the Richmond-Sunset D i s t r i c t . Average values of composite 
samples taken at the treatment p l a n t during June 1966 are shown below: 

iJcxeen.in.ga 

G r i t 

5-day BOD * 

Suspended S o l i d s * 

275 mg/l 

242 mg/l 

162 cu,ft/day 

216 cu,ft/day 

* 24-hour composite samples 

In the Southeast D i s t r i c t the area south of McLaren Park i s served by 
a trunk system which c a r r i e s the flows to a p o i n t j u s t east of the Bayshore 
Freeway. From that p o i n t a tunnel conveys the dry weather flows beneath Bay 
View Park to a pumping s t a t i o n at Yosemite Avenue and I n g a l l s S t r e e t . The 
sewage i s mixed w i t h that o r i g i n a t i n g to the west of the pumping s t a t i o n and 
the mixture flows through another tunnel beneath the h i l l s of Hunters P o i n t 
and continues to the treatment p l a n t . From the west the p r i n c i p a l trunk 
c l o s e l y f o l l o w s the route of the Southern Freeway, c o l l e c t i n g a l l the waste
water from t h i s r e g i o n . I t continues along the right-of-way of the new 
Embarcadero Freeway to the head of I s l a i s Creek at the Selby S t r e e t D i v e r s i o n 
S t r u c t u r e , where the i n t e r c e p t o r sewer c o l l e c t s the dry weather flow. A l l 
discharges from p o i n t s north converge at the Marin S t r e e t D i v e r s i o n s t r u c t u r e , 
which i s a l s o at the head of I s l a i s Creek. The i n t e r c e p t o r passes from there 
through the Selby S t r e e t o u t f a l l and d i r e c t l y to the treatment p l a n t . 

Per c a p i t a flows are normal f o r San F r a n c i s c o (94 gpcd) due to the pre
ponderance of r e s i d e n t i a l land use. However, there are s e v e r a l i n d u s t r i e s 
d i s c h a r g i n g r e l a t i v e l y concentrated wastes and t h i s i s r e f l e c t e d i n the 
c h a r a c t e r i s t i c s of the p l a n t i n f l u e n t . Average data from the Southeast P l a n t 
f o r May 1966 are given below: 

Wet Weather 

Data obtained from the U. S. Weather Bureau i n d i c a t e the r a i n f a l l p atterns 
are r e l a t i v e l y uniform over San F r a n c i s c o . There are three o f f i c i a l gauging 
s t a t i o n s i n the v i c i n i t y : the Richmond-Sunset i n Golden Gate Park, the F e d e r a l 
O f f i c e B u i l d i n g downtown, and the I n t e r n a t i o n a l A i r p o r t l o c a t e d about 10 m i l e s 
south of downtown San F r a n c i s c o . R a i n f a l l data reported by these s t a t i o n s are 
compared i n Table I I I - l . 

The storm flows reported i n t h i s chapter have been computed by the R a t i o n a l 
Method u s i n g c o e f f i c i e n t s of runoff s u p p l i e d by the C i t y . R a i n f a l l i n t e n s i t i e s 
were obtained from U. S. Weather Bureau frequency analyses, which had been c a l 
c u l a t e d by the Method of Extreme Values ( a f t e r Gumbel) and based on 47 years of 
data (1903-1950) from the F e d e r a l O f f i c e B u i l d i n g Weather S t a t i o n (Figure I I I - 5 ) . 

Grease 

5-day BOD 

Suspended S o l i d s 

261 mg/l 

330 mg/l 

91 mg/l 
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TABLE I I I - l 

CCMPARISON OF RAINFALL DATA FROM 
OFFICIAL GAUGING STATIONS IN OR NEAR SAN FRANCISCO 

F e d e r a l O f f i c e Richmond- I n t e r n a t i o n a l 
S t a t i o n B u i l d i n g Sunset A i r p o r t 

Years of Record 117 8 39 

Annual R a i n f a l l (Inches) 

1966 16.45 17.53 15.98 

1965 19.86 21.94 21.22 

1964 17.73 16.89 17.54 

1963 18.78 21.00 19.89 

1962 19.99 23.24 24.25 

1960 17.82 17.80 16.90 

Average of Above 18.44 19.73 19.30 

Long Term Mean 20.78 - 18.69 
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For purposes of r u n o f f c a l c u l a t i o n s the 5-year storm of appropriate d u r a t i o n was 
employed and the r e s u l t s are shown i n Figure I l l r l . The r e l a t i o n s h i p between the 
storm water discharges from each d i s t r i c t and the r e t u r n p e r i o d i s shown i n 
F i g u r e I I I - 6 . These discharges have been c a l c u l a t e d using the data shown i n 
F i g u r e I I I - 5 and w i t h the assumptions i n d i c a t e d i n Figure I I I - 6 . 

In the Lake Merced area only 5 percent of the storm water p r e s e n t l y flows 
north toward the treatment p l a n t . From three overflow s t r u c t u r e s 960 c f s 

, bypassed to the o u t f a l l (#1) (see Figure I I I - l ) . The small flow moving north 
(approximately 30 c f s ) j o i n s t h a t from the t r i b u t a r y system of the Vicente 
S t r e e t trunk. Approximately 1000 c f s overflows at Vicente S t r e e t and 45th Avenue 
and continues to the o u t f a l l on the beach (#2) w i t h very l i t t l e flow moving 
northward to the treatment p l a n t . 

At the j u n c t i o n of i n t e r c e p t o r s at the L i n c o l n Way D i v e r s i o n s t r u c t u r e , 
the t o t a l flow i s approximately 1800 c f s . Due to the r e l a t i v e l y s m a ll c a p a c i t y 
of the Richmond-Sunset Treatment P l a n t , n e a r l y the e n t i r e flow i s d i v e r t e d to 
the ocean at the foot of L i n c o l n Way (#3). 

In the northeastern regions of the Richmond-Sunset D i s t r i c t the trunk 
sewer flows west on Lake S t r e e t . At the f i r s t d i v e r s i o n at Lake S t r e e t and 
17th Avenue the combined flow i s 900 c f s and approximately 800 c f s i s d i v e r t e d 
to the o u t f a l l on Bakers Beach (#6). At 22nd Avenue and Lake S t r e e t there i s 
another d i v e r s i o n which a l s o discharges to Bakers Beach. The c a p a c i t y of the 
overflow i s about 400 c f s , which gives a t o t a l flow of 1200 c f s at the Bakers 
Beach o u t f a l l (#6). The l a s t overflow c a r r i e r i n t h i s v i c i n i t y begins at 
25th Avenue and Lake S t r e e t and terminates at the S e a c l i f f O u t f a l l (#5). The 
remainder of the area north of Golden Gate Park i s drained to the treatment 
p l a n t o u t f a l l which terminates o f f s h o r e near M i l e Rock (#4). 

From the area north of the Marina and Aquatic Park a t o t a l r u n o f f of 
1050 c f s has been c a l c u l a t e d . Approximately 400 c f s s p i l l s from the Laguna 
S t r e e t Trunk (#8), and the remainder i s d i s t r i b u t e d between the o u t f a l l s on 
Baker S t r e e t (not shown) and P i e r c e S t r e e t (#7). The l a t t e r handles approx
imately 70 percent of the remaining flow. The Beach S t r e e t overflow r e c e i v e s 
storm water p r i n c i p a l l y from the adjacent land area and an a d d i t i o n a l amount 
from the Marina Pumping S t a t i o n . I t i s estimated t h a t i t s discharge i s about 
550 c f s . 

The complexity of flows i n the remaining s e c t i o n s of the North P o i n t 
D i s t r i c t do not permit an accurate e s t i m a t i o n of l o c a t i o n s and magnitudes of 
storm water overflows. C a l c u l a t i o n s show the t o t a l r u n o f f to be approximately 
3900 c f s , and 70 percent of t h i s , or 2700 c f s , i s discharged from the Seventh 
S t r e e t D i v e r s i o n i n t o China Basin (#11). 

Near I s l a i s Creek i n the Southeast D i s t r i c t , r u noff from the north focuses 
at the Marin S t r e e t overflow (#12). The stormwater flow at Marin S t r e e t i s 
about 1175 c f s . Because of the Selby S t r e e t overflow downstream on the i n t e r 
ceptor, n e a r l y a l l of the flow discharges at the Marin S t r e e t overflow s t r u c t u r e . 
The Selby S t r e e t D i v e r s i o n terminates a much l a r g e r sewer system and the flow 
at t h i s p o i n t has been c a l c u l a t e d to be 1800 c f s . I t i s estimated that greater 
than 95 percent of t h i s w i l l s p i l l d i r e c t l y to I s l a i s Creek (#13). 
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From the V i s i t a c i o n V a l l e y area the storm water c o n t r i b u t i o n i s about 
600 c f s . The overflow s t r u c t u r e at Sunnydale Avenue (#15) was designed to 
bypass t h i s flow. Other c o n t r i b u t i o n s from the lands south of the treatment 
p l a n t amount to 1300 c f s . The greater p o r t i o n of t h i s flow, perhaps as 
much as 90 percent, i s bypassed at Yosemite Avenue. 

OUTFALL SURVEY 

This s e c t i o n describes the major o u t f a l l systems i n San F r a n c i s c o . 
The o u t f a l l s have been c l a s s i f i e d as major i f t h e i r discharge i s more than 
500 c f s during a 5-year storm. 

As p r e v i o u s l y mentioned, there are 15 major stormwater discharge p o i n t s 
i n the three d i s t r i c t s ; these ares 

D i s t r i c t Number Overflow L o c a t i o n Nominal Discharge ( c f s ) * 

Richmond-Sunset 1 Lake Merced 960 
2 V i c e n t e S t r e e t 1000 
3 L i n c o l n Way 1800 
4 M i l e Rock 1145 
5 Sea C l i f f 520 
6 Bakers Beach 1200 

North P o i n t 7 P i e r c e S t r e e t 460 
8 Laguna S t r e e t 400 
9 Beach S t r e e t 550 

10 Jackson S t r e e t 600 
11 Seventh S t r e e t 2700 

Southeast 12 Marin S t r e e t 1175 
13 Selby S t r e e t 1800 

14 Yosemite S t r e e t 1170 
15 Sunnydale Avenue 600 

* Equaled or exceeded on 20 percent of the years, i . e . , w i t h a recurrence 
i n t e r v a l of 5 years. 

The o u t f a l l s are numbered i n succession, beginning at the southwest 
corner of the c i t y and proceeding clockwise around the w a t e r f r o n t area as 
shown i n Figure I I I - l . P i c t u r e s of most of the o u t f a l l s are shown i n Figures 
I I I - 8 through 111-13 i n the order i n which they are described i n t h i s s e c t i o n . 
Some s t r u c t u r e s are not shown due to t h e i r i n a c c e s s a b i l i t y . Included w i t h 
the d e s c r i p t i o n s are e v a l u a t i o n s of the s u i t a b i l i t y of the o u t f a l l s f o r moni
t o r i n g purposes. The f o l l o w i n g c r i t e r i a were a p p l i e d i n making the e v a l u a t i o n s . 

1. The watershed should be w e l l defined i n terms of c o n t r i b u t i n g 
discharges. 

2. The r e s u l t s obtained from the study should, as f a r as i s p r a c t i c a l , 
provide a b a s i s f o r the c h a r a c t e r i z a t i o n of storm water flows from 
other areas of the c i t y and s i m i l a r areas i n other c i t i e s i n the 
United S t a t e s . 
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3. The o u t f a l l s t r u c t u r e should be r e a d i l y a c c e s s i b l e and amendable 

to wet weather sampling and flow measurement. 

Lake Merced - Figure I I I - 7 

This o u t f a l l serves the area east of Lake Merced to the border of the 
sewerage d i s t r i c t . 

A 10 f t x 11 f t - 3 inch o u t f a l l l i n e passes through the h i l l s of F t . 
Funston and discharges on the beach at the foot of the c l i f f s about 100 ft,, 
from the surf l i n e . The o u t f a l l was not w e l l s u i t e d f o r a d e t a i l e d i n v e s 
t i g a t i o n f o r the f o l l o w i n g reasons: 

1. The p o i n t of discharge i s extremely i n a c c e s s i b l e . 

2. During heavy storms, the breakers reach to the base of the 
c l i f f s and t h i s would jeopardize the s a f e t y of a sampling crew. 

3. In order to e s t a b l i s h the t o t a l flow from the watershed, m u l t i p l e 
sampling p o i n t s would be r e q u i r e d . 

Vicente S t r e e t - Figure I I I - 7 

In a d d i t i o n to the. East Lake Merced area described above, the trunk 
sewer at the Vicente S t r e e t d i v e r s i o n s t r u c t u r e serves roughly the area 
bounded by Santiago S t r e e t on the n o r t h , Mt. Davidson on the east, and Lake 
Merced on the south. 

The d i v e r s i o n s t r u c t u r e i s l o c a t e d at 45th Avenue and V i c e n t e , and 
c o n s i s t s of an 18-inch side flow weir on the outside of a 90° bend i n the 
3 f t - 3 inch trunk sewer. 

The o u t f a l l terminates i n a r e c t a n g u l a r s t r u c t u r e w i t h t i d e gates and 
bar r a c k s . Discharge i s onto the beach about 75 f t . from the s u r f . I t was 
b e l i e v e d that the h y d r a u l i c separation of suspended m a t e r i a l i n the d i v e r s i o n 
s t r u c t u r e would preclude the use of t h i s system f o r d e t a i l e d a n a l y s i s . In 
a d d i t i o n , the upstream d i v e r s i o n s i n the East Lake Merced area prevent an 
accurate d e s c r i p t i o n of the c o n t r i b u t i n g discharges. This o u t f a l l s t r u c t u r e 
i s a l s o i n the s u r f zone during stormy weather and high t i d e s . 

L i n c o l n Way - Figure I I I - 8 

The d i v e r s i o n s t r u c t u r e s on L i n c o l n Way are l o c a t e d at the f o c a l p o i n t 
of a l l dry weather flows o r i g i n a t i n g i n the Sunset D i s t r i c t , that i s south 
of Golden Gate Park to the c i t y boundary and west of Twin Peaks. 

At L i n c o l n and 39th Avenue the flow i s s p l i t from an o l d e r 7 f t x 9 f t -
3 inch basket handle sewer i n t o two 6 f t -6 inch conduits. These two mains 
are then connected by a 45-inch l i n e at the j u n c t i o n of the 43rd Avenue trunk. 
The two then flow independently i n t o the d i v e r s i o n s t r u c t u r e at 48th and 
L i n c o l n Way. 
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The d i v e r s i o n s t r u c t u r e c o n s i s t s of a l e a p i n g weir i n which the dry 
weather flow drops i n t o an 8 f t -6 inch conduit l e a d i n g to the treatment 
p l a n t i n Golden Gate Park. Storm flows, p r i n c i p a l l y from the L i n c o l n Way 
sewers, pass out of the d i v e r s i o n s t r u c t u r e and discharge through a 3 
compartment sewer which s p i l l s through an o u t l e t s t r u c t u r e on the beach. 

The complexity of the flows and d i v e r s i o n s i n t h i s system r u l e d out 
the p o s s i b i l i t y of reasonably a s c e r t a i n i n g the o r i g i n of discharges t a k i n g 
place on the beach. Sampling would be a d d i t i o n a l l y complicated and dangerous 
at the p o i n t of discharge because the s t r u c t u r e i s i n the s u r f zone at" mean 
sea l e v e l . During storms the waves wash across the top of the o u t l e t s t r u c t u r e . 

M i l e Rock - Not photographed 

The M i l e Rock o u t f a l l normally c a r r i e s the e f f l u e n t from the Richmond-
Sunset Treatment P l a n t to the d i s p o s a l p o i n t o f f the northwestern t i p of 
the G i t y . During wet weather, the r u n o f f from the western h a l f of the 
Richmond d i s t r i c t i s transported v i a t h i s conduit. The terminous of the 
o u t f a l l i s i n a c c e s s i b l e . 

S e a c l i f f - Not photographed 

The d i v e r s i o n s t r u c t u r e i s at 24th Avenue and Lake S t r e e t . Dry weather 
flow moves west on Lake o r i g i n a t i n g i n the area north of Golden Gate Park 
and east to the sewerage D i s t r i c t boundary. I t i s picked up at the d i v e r s i o n 
s t r u c t u r e and transported to the Richmond-Sunset Sewage Treatment P l a n t v i a 
a 4 f t x 6 f t -6 inch tunnel. 

The o u t f a l l could not be seen from China Beach because i t i s l o c a t e d i n 
the rocky c l i f f s which extend from there to Sutro Heights. This and the f a c t 
that there are two storm flow d i v e r s i o n s upstream made the l o c a t i o n u n s u i t a b l e 
as a monitoring p o i n t . 

Baker's Beach - Figure I I I - 8 

The Baker's Beach o u t l e t s t r u c t u r e i s the terminous of storm water over
flows from two p o i n t s : 22nd Avenue and Lake S t r e e t , and 17th Avenue and Lake 
S t r e e t . Runoff o r i g i n a t e s i n the Richmond D i s t r i c t , p r i n c i p a l l y east of 
19th Avenue. 

The overflow l i n e s drop about 100 f e e t through an average distance of 
about 2,000 f e e t to the beach where they j o i n . The flow continues f o r an 
a d d i t i o n a l 450 f e e t to the o u t f a l l s t r u c t u r e which i s l o c a t e d about 75 f e e t 
from the mean s u r f l i n e . 

This o u t f a l l would have been a s u i t a b l e p o i n t f o r an a d d i t i o n a l monitoring 
s t a t i o n . The upstream watershed p r i n c i p a l l y i s r e s i d e n t i a l and could provide 
meaningful inform a t i o n on areas of t h i s type. P r e l i m i n a r y c o n s i d e r a t i o n s show 
that the trunk sewer at 22nd Avenue and Lake S t r e e t could have been s a f e l y 
plugged, a l l o w i n g the dry weather flow to pass through a s u i t a b l e o r i f i c e . 
During periods of s i g n i f i c a n t r u n o f f only a small f r a c t i o n of the flow would 

111-10 



have continued down the trunk sewer, while the m a j o r i t y would have discharged 
through the o u t f a l l s t r u c t u r e . This would have e l i m i n a t e d the n e c e s s i t y of 
dual sampling s t a t i o n s , which would otherwise be r e q u i r e d f o r separate sampling 
of each flow stream. 

The major drawback to the use of t h i s system i s the high v e l o c i t i e s 
which r e s u l t from the steep h y d r a u l i c gradient of the o u t f a l l system. Spec
i a l i z e d apparatus would have been r e q u i r e d f o r sampling and flow monitoring. 

P i e r c e and Laguna S t r e e t s - Figure I I I - 9 . and F i g u r e 111-10- (The Marina Area) 

The pumping s t a t i o n at the foot of P i e r c e S t r e e t r e c e i v e s the dry weather 
flow from the e n t i r e northwest corner of the North P o i n t Sewerage D i s t r i c t . 
This area i s bounded roughly by Washington S t r e e t on the south and Leavenworth 
S t r e e t on the east. The flow i s pumped d i r e c t l y from the f o o t of P i e r c e 
S t r e e t to the North P o i n t Treatment P l a n t . 

During storms, the r u n o f f from the eastern s e c t o r of t h i s drainage area 
i s discharged at the foot of Laguna S t r e e t through a 6 f t c i r c u l a r conduit. 
Dry weather i n t e r c e p t i o n i s e f f e c t e d by d i v e r s i o n weirs and i n t e r c e p t o r 
sewers placed below the l a r g e r storm flow l i n e . There are three of these 
s t r u c t u r e s . Their l o c a t i o n and s i z e are t a b u l a t e d below: 

L o c a t i o n S i z e of D.W. I n t e r c e p t o r 

Chestnut and Laguna 15 inches 

North P o i n t and Laguna 21 inches 

Beach and Laguna 12 inches 

The remainder of the storm water from the e n t i r e area, except f o r a 
small amount d i v e r t e d at Baker S t r e e t , discharges through the 7 f t . o u t f a l l 
below the Marina Pumping P l a n t . This l a t t e r o u t f a l l i s submerged at h i g h t i d e . 

The m u l t i p l i c i t y of d i v e r s i o n p o i n t s on the Laguna S t r e e t sewer tended 
to r u l e out f u r t h e r study on t h i s o u t f a l l . Dry weather flow patterns normally 
could have been e s t a b l i s h e d only w i t h d i f f i c u l t y . However, the c i t y m o d i f i e d 
the d i v e r s i o n s t r u c t u r e s to permit a d e t a i l e d i n v e s t i g a t i o n of t h i s s e c t o r . 

The submerged o u t l e t , as w e l l as the Baker S t r e e t D i v e r s i o n , would have 
s e r i o u s l y i n h i b i t e d a d e t a i l e d i n v e s t i g a t i o n of the Marina o u t f a l l . 

Beach S t r e e t - Not photographed 

This o u t f a l l i s l o c a t e d j u s t ahead of the North P o i n t Sewage Treatment 
P l a n t on the trunk sewer which serves the area east of that d i s c h a r g i n g to 
the Marina, west of Telegraph H i l l , and north of Broadway. Discharge takes 
place at a p o i n t between P i e r 37 and P i e r 39. 

Jackson S t r e e t - Not photographed 

The Jackson S t r e e t d i v e r s i o n provides the greatest storm water r e l i e f 
f o r the North P o i n t main. The d i v e r s i o n s t r u c t u r e i s l o c a t e d at Jackson and 
Sansome S t r e e t s . The p o i n t of discharge i s between P i e r s 1 and 3, but i t 
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l i k e others i s submerged. 

Seventh S t r e e t , China Basin - Figure I I I - . 

This s t r u c t u r e discharges storm water from n e a r l y the e n t i r e i n d u s t r i a l 
park area. However during dry weather, sewage i s i n t e r c e p t e d at s e v e r a l 
p o i n t s upstream. Flow patterns i n the upstream system are quite complex,and 
the dry weather flow and waste c h a r a c t e r i s t i c s of the c o n t r i b u t i n g watershed 
could be e s t a b l i s h e d only w i t h a m u l t i p l i c i t y of sample p o i n t s . 

The o u t l e t s t r u c t u r e i s one of the l a r g e s t i n the sewage system. The 
sewer i t s e l f i s a four compartment box s t r u c t u r e w i t h each compartment 
measuring 10 f t . x 7 f t - 6 inches. The i n t e r c e p t o r trench i s at an 
e l e v a t i o n g e n e r a l l y below the l e v e l of the water i n China B a s i n ; consequently 
t i d e gates have been i n s t a l l e d to prevent backflow. 

Marin S t r e e t , I s l a i s Creek - Figure I I I - 9 

The area from the boundary of the North P o i n t D i s t r i c t south to I s l a i s 
Creek i s served by one trunk sewer, which converges with another coming from 
the west at the Marin S t r e e t d i v e r s i o n . The dry weather flow then passes to 
the Selby S t r e e t s t r u c t u r e on the south side of the creek. 

During storm r u n o f f most of the flow from the north bypasses i n t o I s l a i s 
Creek at the T h i r d S t r e e t Bridge. The p r i n c i p a l discharge at Marin S t r e e t 
t h e r e f o r e o r i g i n a t e s i n the area to the west. 

There are no upstream d i v e r s i o n s on the l a t t e r , and the s t r u c t u r e could 
conceivably have been used as a sampling s t a t i o n . However the s t r u c t u r e i s 
the smaller of two at the head of I s l a i s Creek, and the other (Selby S t r e e t ) 
i s more s u i t a b l e f o r t h i s reason. 

Selby S t r e e t , I s l a i s Creek - Figure I H - 1 2 

The e n t i r e dry and wet weather flow from the western h a l f of the South
east Sewerage D i s t r i c t flows to the Selby S t r e e t d i v e r s i o n s t r u c t u r e . Dry 
weather flow i s i n t e r c e p t e d at that p o i n t by the trunk from the Marin S t r e e t 
d i v e r s i o n and flows back to the Southeast Sewage Treatment P l a n t . Storm flow 
i s mixed w i t h the small flow from the north and the m a j o r i t y s p i l l s i n t o I s l a i s 
Creek through the o u t f a l l s t r u c t u r e , while a small amount continues toward the 
treatment p l a n t . 

This s i t e provided an e x c e l l e n t l o c a t i o n f o r a sampling s t a t i o n f o r the 
f o l l o w i n g reasons: 

1. The drainage area i s r e l a t i v e l y l a r g e , yet i s w e l l d e f i n e d . 

2. A p o r t i o n of the flow comes from i n d u s t r i a l areas. 

3. With minor m o d i f i c a t i o n s to the o u t l e t s t r u c t u r e the flow was 
segregated from that o r i g i n a t i n g i n other areas. 
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4. Dry weather flow patterns could be e s t a b l i s h e d w i t h r e l a t i v e ease. 

Yosemite S t r e e t , South B a s i n - Figure 111-13 

Except f o r the Sunnydale Avenue overflow described below, t h i s i s the 
only bypass s t r u c t u r e f o r storm waters o r i g i n a t i n g i n the southern and middle 
s e c t i o n s of the Southeast Sewerage D i s t r i c t . A pumping s t a t i o n l o c a t e d at 
Yosemite Avenue and I n g a l l s S t r e e t p i c k s up the dry weather flow, which passes 
through the Hunter's P o i n t tunnel to the Southeast Sewage Treatment P l a n t . 

Storm flow discharges i n t o a channel through p a r a l l e l conduits (9 f t 
x 7 f t -3 inches and 11 f t -6 inches x 6 f t -6 i n c h e s ) . However,,the o u t l e t s 
were s i l t e d up to about mid-depth on a l e v e l with the e x i s t i n g channel, and 
i t was d o u b t f u l whether the o u t f a l l could discharge the i n d i c a t e d flow. 

The upstream d i v e r s i o n channel depth made t h i s l o c a t i o n u n s u i t a b l e f o r 
f u r t h e r study. 

Sunnydale Avenue - Figure I I I - 1 3 

This s t r u c t u r e provides a bypass f o r storm waters o r i g i n a t i n g southwest 
of C a n d l e s t i c k Park. I t c o n s i s t s of a r e g u l a r box c u l v e r t w i t h a s i n g l e t i d e 
gate. The s t r u c t u r e was, at the time of the survey, boarded up, preventing 
discharge from o c c u r r i n g except under extreme flows. 

DESCRIPTION OF PILOT AREAS 

A previous s e c t i o n contained the r e s u l t s of a p r e l i m i n a r y survey of the 
15 major storm water overflow systems i n San F r a n c i s c o . Each of the systems 
was evaluated on the b a s i s of p r e v i o u s l y mentioned c r i t e r i a , and two were 
s e l e c t e d as the most s u i t a b l e f o r the study. The two systems, designated 
Selby S t r e e t (#13) and Laguna S t r e e t (#8) because of the l o c a t i o n of the 
o u t f a l l s , are described i n more d e t a i l i n t h i s s e c t i o n . 

The Selby S t r e e t system was s e l e c t e d as the primary p i l o t s e c t o r because 
of i t s l a r g e s i z e and the f a c t that the o u t f a l l s t r u c t u r e i s w e l l s u i t e d f o r 
e s t i m a t i o n of flows. However, r e c e i v i n g water s t u d i e s could not be c a r r i e d 
out at the Selby S t r e e t o u t f a l l because at the time of the s t u d i e s , the South
east Sewage Treatment P l a n t discharged i t s e f f l u e n t i n c l o s e p r o x i m i t y to the 
Selby S t r e e t o u t f a l l s t r u c t u r e on I s l a i s Creek. This f a c t coupled w i t h the 
discharge from other o u t f a l l s on I s l a i s Creek would have made i t d i f f i c u l t to 
d i s t i n g u i s h between the e f f e c t s of each discharge. The Laguna S t r e e t system 
was s e l e c t e d as the secondary storm flow monitoring system and i t was the only 
system i n which r e c e i v i n g water s t u d i e s were conducted. The Laguna S t r e e t 
o u t f a l l discharges i n t o the e a s t e r l y s e c t o r of the m u n i c i p a l marina which was 
judged to be most s u i t a b l e f o r e s t a b l i s h i n g cause and e f f e c t r e l a t i o n s h i p s of 
combined sewer overflows. 

Selby S t r e e t System 

The Selby S t r e e t p i l o t area (shown i n Figure 111-14) comprises roughly 
48 percent of the Southeast Sewerage D i s t r i c t . I t c o n s i s t s of approximately 
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3,400 acres of land, and ranges i n e l e v a t i o n from about 600 f t on the south
eastern slope of Twin Peaks to near sea l e v e l . The n a t u r a l drainage trough 
followed by the p r i n c i p a l trunk sewer extends a distance of n e a r l y four m i l e s 
from an e l e v a t i o n of about 300 f t near the southern c i t y l i m i t to sea l e v e l 
at the o u t f a l l s t r u c t u r e . 

Land use i n the p i l o t area i s extremely v a r i e d . The breakdown i n t o the 
four b a s i c use c l a s s i f i c a t i o n s i s s i x percent i n d u s t r i a l , two percent com
m e r c i a l , 77 percent r e s i d e n t i a l , and 15 percent vacant land. The p o p u l a t i o n 
of the Selby S t r e e t s e c t o r i s estimated to be 81,000, based on 1960 census 
f i g u r e s . Thus the p o p u l a t i o n d e n s i t y i s about 24 persons per acre. 

The e n t i r e dry and wet weather flow from t h i s area converges at the 
Selby Street d i v e r s i o n - o u t f a l l s t r u c t u r e . Dry weather flow i s i n t e r c e p t e d 
at the s t r u c t u r e (Figure 111-15) and c a r r i e d to the Southeast Sewage Treat
ment P l a n t . During stormflow periods the runoff-sewage mixture s p i l l s directly i n t o 
I s l a i s Creek. Only a r e l a t i v e l y small amount i s d i v e r t e d to the treatment 
p l a n t because the h y d r a u l i c c a p a c i t y of the p l a n t i s l i m i t e d to the equiva
l e n t of the r u n o f f from 0.02 inches of r a i n f a l l per hour. 

The main trunk sewer s e r v i n g the p i l o t area i s about 22,500 f t i n length 
and v a r i e s from a normal conduit three f e e t i n diameter to a 7 f t - 6 i n c h by 
30 f t , three compartment box s t r u c t u r e above the o u t f a l l . Sewer grades i n 
the trunk vary from a maximum of 3.1 percent i n the upper reaches to 0.11 
percent i n the three compartment s e c t i o n . The l a t e r a l sewer system i s of 
conventional design and c o n s i s t s of approximately 130 m i l e s of conduit rang
ing i n s i z e down to s i x inches i n diameter. 

Laguna S t r e e t System 

The Laguna S t r e e t o u t f a l l d rains an area of approximately 370 acres 
l y i n g south of the waterfront (Figure 111-14). The drainage area r i s e s to 
an e l e v a t i o n of about 300 f t near Nob H i l l , and consequently the 8,600 f t 
trunk sewer contains some r e l a t i v e l y steep grades. 

The area i s almost e n t i r e l y r e s i d e n t i a l . Figures I I I - 2 through I I I - 4 
show that land used f o r commerce and i n d u s t r y , along w i t h vacant land, amounts 
to l e s s than 10 percent of the area. The r e s i d e n t i a l use i s f o r the most p a r t , 
r e s t r i c t e d to apartments. There i s very l i t t l e v e g e t a t i o n i n the area. 

The p o p u l a t i o n d e n s i t y of t h i s sector i s much greater than that of the 
Selby S t r e e t s e c t o r . With an estimated p o p u l a t i o n of 25,000 there are approx
imately 68 persons per acre. 

The trunk sewer, shown i n Figure 111-14, begins i n the southeast corner 
of the s e c t o r and l i e s d i a g o n a l l y across i t , t e rminating i n a s i x foot c i r 
c u l a r conduit at the foot of Laguna S t r e e t . There are three p o i n t s of dry 
weather d i v e r s i o n on Laguna S t r e e t which c a r r y the sewage u l t i m a t e l y to the 
Marina Pumping S t a t i o n . From there the flow i s pumped d i r e c t l y to the North 
P o i n t Sewage Treatment P l a n t . 
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As p r e v i o u s l y mentioned, the sewer grades are steep; the m a j o r i t y f a l l 
i n the range of one to three percent. There are about 15 m i l e s of l a t e r a l s , 
most of which are between eight and 24 inches i n diameter. 

For the d u r a t i o n of the study, the d i v e r s i o n of Chestnut S t r e e t was 
blocked, f o r c i n g the North P o i n t S t r e e t d i v e r s i o n to i n t e r c e p t most of the 
flow. This m o d i f i c a t i o n made i t p o s s i b l e to sample at a s i n g l e p o i n t the 
dry weather flow from the e n t i r e area. Discharges below North P o i n t S t r e e t 
are minor, hence the l a s t d i v e r s i o n on Beach S t r e e t i n t e r c e p t s very l i t t l e 
flow. 

During storm r u n o f f p e r i o d s , only a small percentage of the flow i s 
d i v e r t e d , and the m a j o r i t y passes through the o u t f a l l at the f o o t of Laguna 
S t r e e t . 
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FIGURE E L - I 

PACIFIC OCEAN 

GOLDEN 
GATE 

BRIDGE 

AQUATIC PARK North Point 
Treatment Plant 

MAJOR OVERFLOWS, CFS 

1 LAKE MERCED 960 
2 VICENTE ST IOOO 
3 LINCOLN WAY 1800 
4 MILE ROCK 1145 
5 SEACLIFF 520 
6 BAKERS BEACH 1200 
7 PIERCE ST 460 
8 LAGUNA ST 5/2 
9 BEACH ST. 550 

10 JACKSON ST 600 
11 SEVENTH ST 2700 
12 MARIN ST 1175 
13 SELBY ST. 1800 
14 YOSEMITE ST 1170 
15 SUNNYDALE AVE. 600 

Figures indicate approx. 
discharge for 5-year 
critical storm. 

BAY 
IDGE 

Richmond - Sunset 
Treatment Plant 

SEWERAGE DISTRICTS, TRUNK SEWERS, 
AND MAJOR STORMWATER OVERFLOWS 

SAN FRANCISCO, CALIF. 

SAN FRANC/SCO 
BAY 

ISLAIS CREEK 

Southeast 
Treatment Plant 

CANDLESTICK POINT 
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FIGURE IH - 2 

LAND USED FOR RESIDENCE 
S O U R C E 1961 - 6 4 L A N D U S E S U R V E Y 

P R E P A R E D B Y T H E S A N F R A N C I S C O D E P A R T M E N T O F C I T I P L A N N I N G I B S * 

ENGINEERING- SCIENCE, INC 



FIGURE IS - 3 

LAND USED FOR COMMERCE 
S O U R C E ' 1961 - 6 4 L A N D U S E S U R V E Y 
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CHAPTER IV 

METHODS OF STUDY 

DRY WEATHER MONITORING 

Dry weather monitoring was conducted i n both p i l o t areas i n order to 
i n v e s t i g a t e the general e f f e c t s of the dry weather waste streams on the 
c h a r a c t e r i s t i c s of wet weather discharges, and to provide data f o r the c a l 
c u l a t i o n of the mass c o n t r i b u t i o n s of normal sewage flow to the wet weather 
overflows. Dry weather monitoring was conducted f o r eight days i n the Selby 
S t r e e t System and f o r s i x days i n the Laguna S t r e e t System, as shown i n 
Table IV-1. C o l i f o r m monitoring was conducted on two separate days i n each 
system. These are a l s o shown i n Table IV-1„ 

TABLE IV-1 

DATES OF DRY WEATHER MONITORING 

Date P i l o t Area(s) Monitored 

6 September 1966 Selby, Laguna 

8-9 September 1966 Selby, Laguna 

11-12 September 1966 Selby, Laguna 

17-18 September 1966 Selby, Laguna 

20-21 September 1966 Selby, Laguna 

23-24 September 1966 Selby, Laguna 

26-27 September 1966 Selby 

2-3 October 1966 Selby 

DATES OF DRY WEATHER COLIFORM MONITORING 

Date P i l o t Area 

20 December 1966 Laguna 

17 January 1967 

13 June 1967 Selby 

1 August 1967 

Selby S t r e e t 

Flow Measurement; An i n t e g r a l part of the dry weather monitoring was 
the determination of flows i n the trunk sewer, which c o n s i s t s of three 
p a r a l l e l channels up to the p o i n t of confluence w i t h the flow from north 
of I s l a i s Creek (the Marin S t r e e t sewer). Without m o d i f i c a t i o n of the flow 
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p a t t e r n i t would have bemnecessary to monitor the three streams independently, 
which would have s u b s t a n t i a l l y increased the work load. 

In order to o b t a i n a s i n g l e stream i t was necessary to block the two 
outside compartments w i t h sandbag dikes at a p o i n t about 150 f t above the 
o u t f a l l s t r u c t u r e as shown i n Figure IV-1. At t h i s l o c a t i o n there are i n t e r -
compartment windows w i t h s i l l s one foot above the normal channel i n v e r t . 
This caused ponding of the flow upstream. However, there were about s i x inches 
of sediment i n the channels from p r i o r d e p o s i t i o n , and the average depth of 
flow was only increased about 150 percent i n making t h i s m o d i f i c a t i o n . 

Most conventional flow measuring techniques r e q u i r e the establishment 
of a c r i t i c a l flow s e c t i o n which o f t e n i n c l u d e s the c r e a t i o n of an upstream 
pond. I t was decided t h a t such ponding should be kept to a minimum i n order 
to prevent a d d i t i o n a l d e p o s i t i o n of suspended s o l i d s which would give a f a l s e 
p i c t u r e of the normal sewage q u a l i t y c h a r a c t e r i s t i c s . A technique, the t r a c e r 
d i l u t i o n method, which does not r e q u i r e any i n t e r f e r e n c e w i t h the f l o w i n g 
stream was chosen. A s u i t a b l e t r a c e r was introduced at constant r a t e at an 
upstream p o i n t and samples were taken f u r t h e r downstream a f t e r adequate mixing. 
This method has the advantage of p r o v i d i n g flows d i r e c t l y , and thus v e l o c i t y 
c o n s i d e r a t i o n s are not r e q u i r e d . 

The t r a c e r used was Pont a c y l B r i l l i a n t Pink B f l o u r e s c e n t dye, which has 
the f o l l o w i n g advantages: 

1. Only small q u a n t i t i e s of dye are r e q u i r e d because p r e c i s e determin
a t i o n of the dye conc e n t r a t i o n i s p o s s i b l e at concentrations of 
10 mg/l. Thus cost and q u a n t i t y r e s t r i c t i o n s were reduced. 

2. In most sewage flows the "background" of t h i s p a r t i c u l a r dye i s not 
s i g n i f i c a n t . The amount of t r a c e r does not have to be m a t e r i a l l y 
increased i n order to e l i m i n a t e spurious background e f f e c t s . 

3. The t r a c e r i s not s i g n i f i c a n t l y a f f e c t e d by the presence of m a t e r i a l s 
normally found i n sewage. 

The p o i n t s of t r a c e r i n j e c t i o n and sample c o l l e c t i o n are a l s o shown i n 
Figure IV-1. Q u a n t i t a t i v e analyses f o r the t r a c e r were made w i t h a Turner 
Model 110 Fluorometer. 

The t r a c e r d i l u t i o n technique was employed d u r i n g the i n i t i a l phases 
of the dry weather program, but had to be dis c o n t i n u e d becaus e of t e c h n i c a l 
d i f f i c u l t i e s . One of the problems i n v o l v e d was i n j e c t i o n of the dye. During 
low flow p e r i o d s , sludge banks were exposed below the i n j e c t i o n manhole, and 
uneven d i s t r i b u t i o n of the t r a c e r r e s u l t e d . When t h i s s i t u a t i o n was co r r e c t e d 
i t was found that i n s u f f i c i e n t turbulence e x i s t e d f o r mixing purposes i n the 
short s e c t i o n above the o u t f a l l s t r u c t u r e . To o f f s e t t h i s c o n d i t i o n a p a r t i a l 
dam was constructed across the channel above the sampling p o i n t . This caused 
an el e v a t e d backwater c o n d i t i o n and a tu r b u l e n t s e c t i o n downstream. 
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As a r e s u l t of these d i f f i c u l t i e s only l i m i t e d r e l i a b l e data were 
gathered by the t r a c e r d i l u t i o n method, t h e r e f o r e , a f t e r the completion 
of the dry weather sampling, i t was decided to o b t a i n a more d e t a i l e d 
d e s c r i p t i o n of the flows, u s i n g another method. A Palmer-Bowlus flume with 
a 4 f t . t h r o a t and 6 i n c h i n v e r t s l a b was constructed from 16 gauge galvanized 
sheet metal. This was i n s t a l l e d j u s t below the sampling s t a t i o n as shown 
i n F i gure IV-1; i t was h e l d i n place w i t h sandbag side supports. A s t i l l i n g 
w e l l was a l s o constructed w i t h sandbags d i r e c t l y below the sampling s t a t i o n 
manhole. A continuous record of the upstream water l e v e l was made p o s s i b l e 
by mounting a Stevens Water L e v e l Recorder on the manhole cover support and 
extending a l i n e w i t h a f l o a t down to the s t i l l i n g w e l l . Continuous water 
l e v e l readings were obtained during a one-week p e r i o d . The c a l i b r a t i o n 
curve i s ^hown i n F i g u r e IV-2. (Note that the flow-gauge height r e l a t i o n s h i p 
i s n e a r l y l i n e a r i n the range of i n t e r e s t and p r o p o r t i o n a l i t y constant i s 
approximately 12.5 mgd per f t of gauge h e i g h t ) . The t h e o r e t i c a l c a l i b r a t i o n 
c l o s e l y agrees w i t h the data obtained w i t h the t r a c e r d i l u t i o n technique. 
Because of the mixing i n the t a i l water of the flume, d i s p e r s i o n of the dye 
was q u i t e s a t i s f a c t o r y . 

Sampling: Dry weather sampling was conducted at a s t a t i o n about 100 f t 
below the p o i n t of converging flow, as shown i n Figure IV-1. Grab samples 
were taken at three hour i n t e r v a l s f o r 24 hours during each sampling p e r i o d . 
The temperature of the sanple was immediately obtained. The samples were 
preserved by adding mercuric c h l o r i d e to a c o n c e n t r a t i o n of 10 mg/l. The 
samples f o r BOD determinations, however, were not t r e a t e d w i t h mercuric c h l o r i d e , 
but were r e f r i g e r a t e d at the laboratory f a c i l i t y of the Southeast Sewage Treat
ment P l a n t . 

Upon a r r i v i n g at the l a b o r a t o r y , the sampling crew placed a high speed 
mixer i n the sampling c o n t a i n e r . During mixing, a l i q u o t s were removed from 
a spigot near the bottom of the bucket, and f r a c t i o n s were set aside f o r the 
v a r i o u s analyses. Immediate analyses c o n s i s t e d of pH and c o n d u c t i v i t y . The 
f l u o r e s c e n t t r a c e r determinations were a l s o made at t h i s time. 

Separate p o r t i o n s f o r v a r i o u s t e s t s were taken as f o l l o w s : 

P o r t i o n Volume 

F l o a t a b l e s 3 l i t e r s 

Grease 1 l i t e r 

General chemical 2 l i t e r s 

BOD 1 l i t e r ( r e f r i g e r a t e d ) 

W i t h i n 12 hours of sampling the containers were transported to the l a b o r 
atory where they were maintained at r e f r i g e r a t i o n temperatures. 

During the dry weather c o l i f o r m monitoring, d i l u t i o n of the sewage 
samples and i n o c u l a t i o n of the tubes were c a r r i e d out i n the f i e l d l a b o r a t o r y 
at the o u t f a l l s t r u c t u r e . Immediately a f t e r i n o c u l a t i o n the tubes were placed 
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i n a 35° C incubator i n the f i e l d l a b o r a t o r y . The tubes were l a t e r t r a n s f e r r e d 
to an incubator i n the main l a b o r a t o r y . 

Laguna St r e e t 

The Laguna S t r e e t System, shown i n F i g u r e IV-3, served as the secondary 
p i l o t sector f o r t h i s study. Consequently, sampling at t h i s l o c a t i o n was 
c a r r i e d out on a reduced s c a l e . 

Flow Measurement; Because of adequate mixing below the p o i n t of dye 
i n j e c t i o n , the t r a c e r d i l u t i o n method gave c o n s i s t e n t r e s u l t s at Laguna 
S t r e e t and no other method was used f o r the flow determinations. 

Sampling: The sampling procedure employed at Laguna S t r e e t was iden
t i c a l to that at Selby S t r e e t . The designated monitoring s t a t i o n i s shown 
i n F i gure IV-3. 

WET WEATHER MONITORING 

Selby S t r e e t 

Figures IV-4 and IV-5 show a plan and s e c t i o n r e s p e c t i v e l y of the Selby 
S t r e e t D i v e r s i o n S t r u c t u r e . Included i n the p l a n drawing are l o c a t i o n s of 
monitoring and sampling operations. 

The presence of the i n t e r c e p t o r trough i n the Selby S t r e e t overflow 
s t r u c t u r e posed somewhat of a problem f o r the wet weather monitoring program, 
because of the p o s s i b i l i t y of a s i g n i f i c a n t flow from the Marin S t r e e t s t r u c 
t u r e . The time of c o n c e n t r a t i o n of the Marin S t r e e t sector i s much l e s s than 
that of the Selby S t r e e t s e c t o r , and as a consequence the Marin S t r e e t s t r u c 
ture f i l l s more r a p i d l y , causing a s u b s t a n t i a l flow to d i v e r t to Selby S t r e e t 
v i a the i n t e r j a c e n t trunk sewer. For r e l i a b l e wet weather data to be obtained, 
i t was e s s e n t i a l that the mixing of the two streams be prevented. 

To accomplish t h i s , a cover was placed over the i n t e r c e p t o r trough, and a 
s t e e l bulkhead was f i x e d over the remaining exposed s e c t i o n of the sewer 
from Marin S t r e e t , and at the downstream end of the trough a b u t t e r f l y gate 
was i n s t a l l e d across the aperture remaining above the trough cover. The 
s t r u c t u r a l m o d i f i c a t i o n s are shown i n Figure IV-6. During dry weather con
d i t i o n s the gate was f i x e d i n an open p o s i t i o n , a l l o w i n g the flow from the 
Selby S t r e e t sewer to enter the i n t e r c e p t o r stream. However, under storm 
c o n d i t i o n s the gate was c l o s e d , s e p a r a t i n g the two streams. Under these circum
stances, a l l flow from the Selby S t r e e t sewer passed through the overflow 
s t r u c t u r e . 

Flow Measurement: Sev e r a l methods were u t i l i z e d f o r the measurement of 
storm flow i n the Selby S t r e e t o u t f a l l s t r u c t u r e . 

1. V e l o c i t y determinations at a p o i n t 50 f t above the o u t f a l l s t r u c t u r e 
w i t h current meters. 

2. D i f f e r e n t i a l head measurements over the broad-crested weirs of the 
o u t f a l l s t r u c t u r e . 
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3. Measurement of surface v e l o c i t i e s i n the o u t f a l l s t r u c t u r e . 

4. Measurement of v e r t i c a l v e l o c i t y p r o f i l e s i n the o u t f a l l s t r u c t u r e 
w i t h a p o r t a b l e current meter. 

The current meters i n the sewer d i d not y i e l d r e l i a b l e data because they 
were immediately f o u l e d w i t h rags and other d e b r i s . I t was a n t i c i p a t e d that 
the t i d e gates i n the o u t f a l l s t r u c t u r e would exert a s i g n i f i c a n t e f f e c t upon 
the discharge from the o u t f a l l s t r u c t u r e , and the t h e o r e t i c a l head-discharge 
r e l a t i o n s h i p f o r a broad crested weir of s i m i l a r shape was used for comparison 
purposes only. 

Surface v e l o c i t i e s i n the o u t f a l l s t r u c t u r e were measured by timing the 
t r a v e r s e of styrofoam drogues across a measured c o n t r o l s e c t i o n . The surface 
v e l o c i t y values were converted to average v e l o c i t i e s using a f a c t o r of 0.64, 
which accounts f o r h o r i z o n t a l and v e r t i c a l v e l o c i t y d i s t r i b u t i o n s (0.8 
c o r r e c t i o n f a c t o r f o r each a x i s ) . Discharge values were obtained by m u l t i 
p l y i n g the average c r o s s - s e c t i o n a l area of the c o n t r o l s e c t i o n by the computed 
average v e l o c i t y . 

The p o r t a b l e current meter method was used to e s t a b l i s h discharge values 
under low head c o n d i t i o n s and a l s o to check the r e s u l t s of the surface v e l o c i t y 
determinations. The current meter was adapted from a boat speed sensor u n i t , 
which had a streamlined shape, and the u n i t was f i t t e d w i t h a large p r o p e l l e r 
to provide f o r low v e l o c i t y s e n s i t i v i t y . A p i c t u r e of the meter i s shown i n 
Figure IV-7. For these measurements a second c o n t r o l s e c t i o n was e s t a b l i s h e d 
nearer to the t i d e gates, where the maximum v e l o c i t i e s occurred. Under four 
separate head c o n d i t i o n s v e r t i c a l v e l o c i t y p r o f i l e s were e s t a b l i s h e d at one 
l o c a t i o n (Figure IV-4), which was midway between two super-structure support 
p i l l a r s . Mean v e l o c i t i e s f o r the monitoring p o i n t were determined, and these 
were m u l t i p l i e d by a f a c t o r of 0.8 (to account f o r the h o r i z o n t a l v e l o c i t y 
p r o f i l e induced by the support p i l l a r s ) to o b t a i n the average v e l o c i t i e s i n 
the c o n t r o l s e c t i o n . Discharge values were computed by m u l t i p l y i n g the average 
v e l o c i t y by the c r o s s - s e c t i o n a l area of the c o n t r o l s e c t i o n . 

Water e l e v a t i o n s i n the o u t f a l l s t r u c t u r e and i n the r e c e i v i n g water, 
I s l a i s Creek, were cont i n u o u s l y measured by the bubbler tube technique. I n 
t h i s method, a small amount of a i r ( i n t h i s case b o t t l e d nitrogen) i s b l e d 
through a p i p e , i n t o the l i q u i d . The a i r pressure r e q u i r e d to d i s p l a c e the 
l i q u i d i n the pipe i s p r o p o r t i o n a l to the l i q u i d head above the pipe opening. 
A pressure gauge, c a l i b r a t e d i n terms of depth, measures the bleed a i r pres
sure and records the depth on a c h a r t . 

O u t f a l l s t r u c t u r e water l e v e l s were used throughout the study f o r purposes 
of e s t i m a t i n g discharge r a t e s . The r a t i n g curve, Figure IV-8, was developed 
from the r e s u l t s of the surface v e l o c i t y determinations and the p o r t a b l e current 
meter measurements. The lower p o r t i o n s of the curve were estimated, based on 
the observation that discharge d i d not commence u n t i l the water l e v e l reached 
a height of 0.35 f t above the t i d e gate s i l l . 

I n Figure IV-8 a comparison i s made w i t h a t h e o r e t i c a l discharge curve 
f o r broad crested weirs of s i m i l a r shape (Q = CLH^/^). xhe weir c o e f f i c i e n t 
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was assumed to be 3.2 (14) and the t o t a l weir length was 80 f t . As a n t i c i p a t e d , 
the c a l c u l a t e d discharge was l e s s than that p r e d i c t e d by the t h e o r e t i c a l curve 
(approximately 10 percent l e s s ) , and i t i s assumed that the major reason was 
the i n f l u e n c e of the t i d e gates. 

Sampling: Wet weather sampling was c a r r i e d out w i t h s p e c i a l l y designed 
samplers i n s t a l l e d i n the o u t f a l l s t r u c t u r e . In order to secure r e p r e s e n t a t i v e 
samples, one sampler was located i n each of the three p r i n c i p a l flow streams, 
as shown i n Figure IV-4. A d e s c r i p t i o n of the samplers and t h e i r operation 
i s i n c l u d e d i n Appendix A. The f o l l o w i n g schedule was set up as a guide f o r 
wet weather sampling, however, d e v i a t i o n s were made according to the judgment 
of the sampling crews: 

Time* 

0-2 hours 

2-4 hours 

4-8 hours 

8 hours 

* Datum = commencement of 

Sample Taken every 

10 minutes 

20 minutes 

30 minutes 

60 minutes 

overflow 

Approximately two minutes were r e q u i r e d to o b t a i n a composite sample from the 
three samples. Equal volumes from each sampler were composited i n a spe
c i a l l y constructed 5 g a l container f i t t e d w i t h a s p i g o t near the bottom. The 
contents were thoroughly mixed by hand, and during mixing a l i q u o t s were w i t h 
drawn through the s p i g o t . No p r e s e r v a t i v e was added to the samples as they 
were returned to the l a b o r a t o r y and r e f r i g e r a t e d w i t h i n 8 hours and analyses 
were begun w i t h i n 24 hours. 

As i n the dry weather monitoring, the c o l i f o r m tubes were i n o c u l a t e d and 
incubated i n the f i e l d l a b o r a t o r y . 

Sampling E r r o r : In order to estimate the e r r o r s i n v o l v e d i n o b t a i n i n g 
a r e p r e s e n t a t i v e sample, two samples of the overflow were taken i n r a p i d suc
c e s s i o n during an overflow p e r i o d . The a n a l y t i c a l r e s u l t s from the two samples 
were compared, and based on the range of values f o r each c o n s t i t u e n t , estimates 
of standard e r r o r s and c o e f f i c i e n t s of v a r i a t i o n were made. These are shown 
i n Table IV-2. Based on t h i s data i t i s concluded that a r e p r e s e n t a t i v e sample 
can be obtained w i t h the samplers. 

S i t e I n s t a l l a t i o n : A p r e f a b r i c a t e d 10 f t by 10 f t s t e e l b u i l d i n g was 
erected at the monitoring s i t e f o r purposes of housing the r e c o r d i n g i n s t r u 
ments and other apparatus and f o r sample p r e p a r a t i o n . In a d d i t i o n to the 
s p e c i a l samplers and flow metering devices, tanks of compressed n i t r o g e n ( f o r 
sample e j e c t i o n and bubbler-tube operation) were l o c a t e d at v a r i o u s p o i n t s 
w i t h i n the o u t f a l l c o n f i n e s . 
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TABLE IV-2 

ANALYSIS OF SAMPLING ERROR 

Constituent 
Mean Value 

X Range 
Standard 
E r r o r 

C o e f f i c i e n t 
of V a r i a t i o n 

BOD 42.5 mg/l 1 mg/l 0.74 mg/l 0.017 

COD 134.5 mg/l 3 mg/l 2.2 mg/l 0.016 

A l k a l i n i t y 38.85 mg/l 4.9 mg/l 3.62 mg/l 0.093 

Ca"- 10.6 mg/l 0.4 mg/l 0.296 mg/l 0.028 

Mg 1.9 mg/l 0 0.03 mg/l 0.016 

C l " 19.0 mg/l 1 mg/l 0.74 mg/l 0.039 

N a + 16.5 mg/l 3 mg/l 2.22 mg/l 0.125 

K + 2.075 mg/l 0.15 mg/l 0.111 mg/l 0.054 

P°4 
1.236 mg/l 0.328 mg/l 0.243 mg/l 

0.197 

SO* 12 mg/l 4 mg/l 2.96 mg/l 0.244 

F l o a t a b l e s 2.2 mg/l .6 mg/l .444 mg/l 0.202 

S.S. 179 mg/l 2 mg/l 1.48 mg/l 0.084 

V.S.S. 74 mg/l 20 mg/l 14.8 mg/l 0.200 

S e t t l e a b l e s 6 ml/1 4 ml/1 2.96 ml/1 0.494 

C o n d u c t i v i t y 164 jmhos/cm 14 ^mhos/cm 10.35W mhos/cm 0.063 
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A r e c o r d i n g raingauge was i n s t a l l e d at the center of the p i l o t s e c t o r , 
atop the fo u r t h f l o o r of the Jewish Home f o r the Aged. An enlarged c o l l e c t o r 
was f i t t e d to the raingauge i n order to increase i t s s e n s i t i v i t y to 0.001 
inch of r a i n f a l l . 

During the e a r l y p o r t i o n of the wet weather p e r i o d , r a i n f a l l data obtained 
from the p r o j e c t raingauge were compared w i t h U.S.W.B. data from the F e d e r a l 
O f f i c e B u i l d i n g s t a t i o n . The r e l a t i o n s h i p between the two sets of data are 
shown i n Figure IV-9. I t can be seen that the p r o j e c t raingauge gave c o n s i s 
t e n t l y higher readings than the U.S.W.B. reported. However, the d i f f e r e n c e 
was only about 10 percent, and t h i s could e a s i l y have r e s u l t e d from topo
g r a p h i c a l e f f e c t s . Because the p r o j e c t raingauge became i n o p e r a t i v e d u r i n g 
a few storm p e r i o d s , the U.S.W. B. data have been used i n place of p r o j e c t 
raingauge data. This should not a f f e c t the accuracy of the r e s u l t s s i g n i 
f i c a n t l y , since the d i f f e r e n c e between the two sets of data has been found to 
be s m a l l . 

R a i n f a l l data f o r the m o n i t o r i n g at Laguna S t r e e t were acquired w i t h a 
small p o r t a b l e raingauge l o c a t e d at the monitoring s t a t i o n . The apparatus 
c o n s i s t e d of a 200 sq cm c o l l e c t i n g cone attached to a 250 cc graduate 
c y l i n d e r . The raingauge was s i t u a t e d i n an open parking l o t and the nearest 
major s t r u c t u r e was approximately 300 fe e t away. Manual readings of the 
volume of r a i n c o l l e c t e d were made at 10-minute i n t e r v a l s or i n some cases 
5-minute i n t e r v a l s . 

Laguna S t r e e t 

As mentioned e a r l i e r , the Laguna S t r e e t Area served as the secondary 
system i n the storm overflow s t u d i e s . Only two storms were monitored i n 
t h i s o u t f a l l . The flow determinations were accomplished by measuring the 
depth of flow at the o u t f a l l sewer and c a l c u l a t i n g the discharge by means 
of Manning's equation. Attempts to use the p o r t a b l e current meter were f u t i l e 
because of the extremely h i g h v e l o c i t i e s of flow o c c u r r i n g i n t h i s o u t f a l l 
sewer (estimated to be as great as 20 f p s ) . 

The use of Manning's equation was j u s t i f i e d f o r the f o l l o w i n g reasons: 

1. The slope of the o u t f a l l sewer i s approximately two percent. 

2. A uniform reach extends about 700 feet h o r i z o n t a l l y upstream 
from the p o i n t at which depths of flow were determined. 

Hence the i n v e r t slope and the energy gradient were e s s e n t i a l l y i d e n t i c a l , 
and the assumption of uniform flow was appropriate f o r the s i t u a t i o n . 

Grab samples were obtained manually, and sample p r e p a r a t i o n , storage, 
and analyses were done according to the methods des c r i b e d f o r the Selby S t r e e t 
m o n i t o r i n g s t a t i o n . 
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SPECIAL STUDIES 

Re c e i v i n g Water C o l i f o r m Studies 

R e c e i v i n g water c o l i f o r m studies were conducted on a segment of the munic
i p a l marina l o c a t e d adjacent to the Laguna S t r e e t O u t f a l l . The body of water 
i n question, as shown i n Figure IV-10, i s r e l a t i v e l y confined, w i t h a break
water b a r r i e r extending across the bay side of the harbor. The area of the 
marina l y i n g w i t h i n the breakwater amounts to approximately 12 acres, and 
the mean water depth i s i n the range of 20 f t . 

P r i o r to e v a l u a t i n g the e f f e c t s of combined sewer overflows on c o l i f o r m 
l e v e l s i n the marina, background samples were c o l l e c t e d during two 24-hour 
periods of dry weather. These were made i n conj u n c t i o n w i t h the c o l i f o r m 
monitoring i n the Laguna S t r e e t Sewer, and both confirmed and f e c a l c o l i f o r m 
determinations were made. Seven s t a t i o n s were e s t a b l i s h e d i n the area; f i v e 
w i t h i n the marina and two i n the Bay, as shown i n Figure IV-10. Each s t a t i o n 
was sampled at three hour i n t e r v a l s d u r ing the two 24-hour monitoring p e r i o d s . 

Wet weather monitoring was c a r r i e d out on nine consecutive days d u r i n g 
a r a i n y p e r i o d beginning 10 March 1967. During t h i s p e r i o d r a i n f a l l occurred 
on f i v e days. Overflows at the Laguna S t r e e t o u t f a l l were monitored on 10 
March and 15 March, and the r e c e i v i n g water s t a t i o n s were sampled twice d a i l y 
on each of the nine days. Both confirmed and f e c a l c o l i f o r m t e s t s were 
performed on each sample. 

TREATMENT OF COMBINED SEWER OVERFLOWS 

In San Fr a n c i s c o the p r i n c i p a l p o l l u t i o n a l e f f e c t s from combined sewer 
overflows r e s u l t from the f o l l o w i n g : 

1. P o t e n t i a l pathogenic agents. 

2. F l o a t a b l e macroscopic p a r t i c u l a t e s . 

3. F l o a t a b l e o i l s and greases. 

4. S e t t l e a b l e decomposable m a t e r i a l s . 

5. B.O.D. 

6. Suspended m a t e r i a l s ( t u r b i d i t y ) . 

S everal candidate processes were evaluated i n terms of reducing the 
aforementioned c o n s t i t u e n t s i n combined sewer overflows. They were: 

Storage: The r e s u l t s from Selby S t r e e t c o n s i s t e n t l y i n d i c a t e d that a f t e r 
a p e r i o d of approximately two hours the mass r a t e s of discharge of the va r i o u s 
c o n s t i t u e n t s were g r e a t l y reduced. Therefore, i f the i n i t i a l p o r t i o n s of the 
flow were d i v e r t e d to a storage f a c i l i t y , a major f r a c t i o n of the p o l l u t i o n a l 
load would be prevented from e n t e r i n g the r e c e i v i n g waters. 
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P r e l i m i n a r y analyses showed that f o r a l l except very small storms the 
req u i r e d storage volume would be impossible to o b t a i n i n San F r a n c i s c o . 
The s i z e (hence the cost) of such f a c i l i t i e s would be p r o h i b i t i v e . An addi
t i o n a l d e t r i m e n t a l aspect of the scheme would be the n e c e s s i t y of p r o v i d i n g 
the c a p a c i t y f o r r a p i d removal of the accumulated runoff i n p r e p a r a t i o n f o r 
subsequent storms. The program at Selby S t r e e t i n d i c a t e d that the length 
of the antecedent dry p e r i o d i s in c o n s e q u e n t i a l beyond about one day. Hence 
the storage basin would have to be emptied i n t h i s p e r i o d of time. 

Sedimentation; I n order to r e s t r i c t the dimension of a treatment u n i t , 
i t i s imperative that a continuous flow scheme be employed. Sedimentation 
was the f i r s t process to be examined. Analyses of the s e t t l e a b l e m a t e r i a l 
i n Selby S t r e e t overflows had i n d i c a t e d that a s u b s t a n t i a l improvement 
could be expected i f the s e t t l e a b l e f r a c t i o n could be separated from the 
l i q u i d stream (See Table V-5). However, based on experiences w i t h primary 
c l a r i f i e r s , surface l o a d i n g r a t e s would be i n the range of 1,000 to 2,000 
gsf d , which would r e q u i r e p r o h i b i t i v e l y large s t r u c t u r e s . 

Screenings The passage of greases and o i l s would make the screen i n 
e f f e c t i v e i n achiev i n g a p r i n c i p a l o b j e c t i v e . 

D i s s o l v e d A i r F l o t a t i o n ; The d i s s o l v e d a i r f l o t a t i o n process has many 
features which make i t a p a r t i c u l a r l y a t t r a c t i v e candidate f o r the treatment 
of combined sewer overflows. Among i t s favorable aspects are the f o l l o w i n g : 

1. F l o a t a b l e m a t e r i a l s , i n c l u d i n g o i l s and greases are s e l e c t i v e l y 
removed. This degree of treatment alone would v i r t u a l l y solve the 
a e s t h e t i c nuisance problem caused by combined sewer overflows. 

2. Other p a r t i c u l a t e m a t e r i a l s are caused to f l o a t v i a n u c l e a t i o n and 
growth of a i r bubbles on the surface of the m a t e r i a l s . Thus sludge 
forming c o n s t i t u e n t s can be s t r i p p e d from the waste stream, and 
concomitant reductions i n BOD, nitrogeneous compounds, e t c . , can 
be expected. 

3. R e l a t i v e l y h i g h surface loading r a t e s (6,000 gsfd or higher) can be 
employed. This c o n t r a s t s w i t h the low surface l o a d i n g r a t e s (2,000 
gsfd or lower) that can be used w i t h any degree of success i n con
v e n t i o n a l sedimentation b a s i n s . Hence, the d i s s o l v e d a i r f l o t a t i o n 
process would allow the use of much smaller treatment u n i t s than 
p o s s i b l e w i t h conventional sedimentation. This f a c t o r i s extremely 
important i n high d e n s i t y urban areas, where land use i s g r e a t l y 
r e s t r i c t e d . 

Therefore, l a b o r a t o r y s c a l e t e s t s were c a r r i e d out to e s t a b l i s h the 
general f e a s i b i l i t y of the process and to ob t a i n p r e l i m i n a r y estimates of 
process e f f i c i e n c y under a range of operating c o n d i t i o n s . 

The t e s t s were c a r r i e d out as f o l l o w s : 

An a l i q u o t of the sample was p r e s s u r i z e d to 50 p s i g . The a l i q u o t was 
then a g i t a t e d to d i s s o l v e a i r i n the f l u i d . F o l l o w i n g t h i s the a i r pressure 
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was r e l e a s e d , causing d i s s o l u t i o n of a i r and f l o t a t i o n of p a r t i c u l a t e s . The 
f l o a t was removed, and the a l i q u o t was used as the r e c y c l e f r a c t i o n f o r the 
remainder of the a n a l y s i s . 

The s t r i p p e d a l i q u o t was then r e p r e s s u r i z e d , a g i t a t e d , and added i n 
v a r i o u s r a t i o s to raw waste i n a 1000 ml graduate c y l i n d e r . . When discharged 
i n t o the raw waste, the p r e s s u r i z e d a l i q u o t r e l e a s e d d i s s o l v e d a i r throughout 
the sample, causing f l o t a t i o n to occur. Samples were withdrawn at the 350 ml 
l e v e l at v arious times a f t e r the a d d i t i o n of the p r e s s u r i z e d c y c l e s . These 
were analyzed f o r GOD and grease. 

LABORATORY PROCEDURES 

Analyses of the samples u s u a l l y commenced upon d e l i v e r y of the samples 
to the l a b o r a t o r y . I f storage was found to be necessary, the samples were 
r e f r i g e r a t e d at a temperature l e s s than 4° C and the storage was not allowed 
to exceed 48 hours. 

The t e s t s designated i n Table IV-3 were conducted r e g u l a r l y on a l l the 
samples taken of the dry weather flow as w e l l as the wet weather flow. 

S p e c i a l schedules were fo l l o w e d f o r c o l i f o r m analyses, as p r e v i o u s l y 
described. In a d d i t i o n , f i s h t o x i c i t y bioassay t e s t s were conducted on a 
l i m i t e d number of dry and wet weather samples. 

A n a l y t i c a l Methods 

The methods used f o r the r e g u l a r l y scheduled t e s t s are shown i n Table 
IV-3. A modified method was followed f o r the COD and grease determinations. 
The procedures are described i n Appendix B. 

A f t e r c o n s i d e r a t i o n of the a l t e r n a t e method f o r c o l i f o r m analyses, 
i n c l u d i n g the membrane f i l t e r technique, i t was decided to use the standard 
m u l t i p l e tube MPN procedure. The reasons f o r t h i s choice were : 

1. The MPN procedure i s w i d e l y used, hence a uniform b a s i s f o r compar
i s o n w i t h other s t u d i e s was ensured. 

2. The l a b o r a t o r y was geared to t h i s t e s t , and a l l the necessary 
apparatus was on hand. 

3. Examination of extensive data from other p u b l i c agencies d i s c l o s e d 
that i n c o n s i s t e n t l y lower r e s u l t s are obtained from membrane f i l t e r 
counts as compared w i t h the MPN f i g u r e s from c o n c u r r e n t l y i n o c u l a t e d 
fermentation tubes. The i n c o n s i s t e n c y could not be t o l e r a t e d i n 
the proposed program since only l i m i t e d sampling was to be done. 

I t was a l s o decided to modify the confirming step of the standard f e r 
mentation tube procedure i n order to d i f f e r e n t i a t e f e c a l c o l i f o r m s from c o l i 
forms from other sources. I t was f e l t t h i s would be of s u b s t a n t i a l value i n 
i n t e r p r e t i n g the analyses of the r u n o f f and r e c e i v i n g water samples. This i s 
demonstrated by the data shown i n Figure IV-11 which were obtained from urban 
runoff discharged from a separate stormwater sewerage system (7). I t i s 
obvious that s u b s t a n t i a l n o n - f e c a l c o l i f o r m concentrations e x i s t i n the runoff 
reaching sewer i n l e t s and, u s i n g conventional techniques, i t would not be 
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TABLE IV-3 

ANALYTICAL METHODS 

A n a l y s i s 

BOD 

COD 

SS 

VSS 

S e t t l e a b l e S o l i d s 

Grease 

F l o a t a b l e s 

N itrogen 

Phosphate 

A l k a l i n i t y 

C o n d u c t i v i t y 

Sodium 

Potassium 

Calcium 

Magnesium 

Sulphate 

C h l o r i d e 

Method Used Reference 

Appendix B 

D i l u t i o n 

M o d i f i e d D i g e s t i o n 

Glass F i l t e r 

G lass F i l t e r 

Imhoff Cone 

L i q u i d - L i q u i d E x t r a c t i o n Appendix B 

Grav i m e t r i c 

Standard 

C o l o r i m e t r i c 

Standard 

Standard 

Flame Photometric 

Flame Photometric 

EDTA 

EDTA 

T u r b i d i m e t r i c 

Mecuric N i t r a t e 

Appendix B 

SERL and Methods (15) 

SERL and Methods (15) 
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p o s s i b l e to d i s t i n g u i s h the r u n o f f c o n t r i b u t i o n from the sewage c o n t r i b u t i o n 
i n the overflow. 

In order to make the d i f f e r e n t i a t i o n , confirmed t e s t s were c a r r i e d out 
at an elevated temperature, 44 - 45°C, i n Bacto EC (E. C o l i ) Media (D i f c o B314), 
as w e l l as by the Standard Methods confirmed t e s t procedure. Two tubes per 
d i l u t i o n and three d i l u t i o n s were made f o r each sample. 

The f i s h used i n the bioassay t e s t s were Gasterosteidae ( S t i c k l e b a c k s ) 
and the t e s t s were run f o r 96 hours according to procedures given i n Standard 
Methods (16). The samples were aerated to e l i m i n a t e d i s s o l v e d oxygen d e p l e t i o n . 
Four d i l u t i o n s of each sample were u t i l i z e d i n each t e s t . 

Estimate of Laboratory E r r o r s 

An a n a l y s i s was made of the v a r i a t i o n s i n a n a l y t i c a l r e s u l t s from r e p l i 
cate samples. Because of the small number of samples i n v o l v e d , the estimates 
of standard d e v i a t i o n were based on the range of values r a t h e r than u s i n g the 
sum of squares technique. The r e s u l t s of these analyses are shown i n Table 
IV-4. 

TABLE IV-4 

ESTIMATION OF LABORATORY ANALYTICAL ERRORS 

Test 

Phosphate (PO4) 

Susp. S o l i d s 

V o l a t i l e Susp. 
S o l i d s 

Grease 

NH 3 -N 

Organic - N 

F l o a t a b l e s * 

COD 

Mean Value(s) 

3.27 mg/l 

203.0 mg/l 

123.4 mg/l 

5.73, 17.67 mg/l 

7.35 to 9.45 mg/l 

3.33 to 6.48 mg/l 

2.7 mg/l 
49 mg/l 

91 to 560 

Number of 
Samples R e p e t i t i o n s 

1 6 

1 10 

1 10 

2 

5 

5 

1 
1 

12 

3 

2 

2 

5 
5 

2** 

Estimate of 
Standard D e v i a t i o n 

0.055 mg/l 

10.1 mg/l 

3.8 mg/l 

1.70 mg/l 

0.36 mg/l 

0.99 mg/l 

0.4 mg/l 
2.8 

13.4 

mg/l 

mg/l 

* R e s u l t s from developmental work, September 1965 (17). 

** From c o r r e l a t i o n a n a l y s i s - one r e p e t i t i o n f o r each method. 
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CHAPTER V 

DATA PRESENTATION AND EVALUATION 

DRY WEATHER MONITORING 

Flow 

The observed r a t e s of flow i n the two p i l o t sectors were averaged f o r 
s e l e c t e d time periods and are shown i n Figures V - l and V-2. The Selby S t r e e t 
data were considered s e p a r a t e l y f o r weekdays (Monday through F r i d a y ) and 
weekend (Saturday and Sunday) p e r i o d s , whereas no d i s t i n c t i o n was made f o r 
the Laguna S t r e e t s e c t o r . The data show t y p i c a l urban flow v a r i a t i o n s e x h i b i t 
i n g maxima during morning and evening periods and a p r i n c i p a l minimum between 
5:00 to 7:00 A.M. Average per c a p i t a flows were: 

Average per c a p i t a Flow 
Sector ( g a l l o n s per day) 

Selby Street 96 

Laguna S t r e e t 107 

The higher per c a p i t a value i n the Laguna S t r e e t sector most l i k e l y 
r e s u l t s from a higher p r o p o r t i o n of water-consuming commercial e s t a b l i s h 
ments such as r e s t a u r a n t s , l a u n d r i e s , e t c . 

Physical-Chemical Composition 

Sewage c h a r a c t e r i s t i c s were determined i n terms of the c o n s t i t u e n t s l i s t e d 
i n Table IV-3. The weekday d i u r n a l v a r i a t i o n s of COD, BOD, SS, VSS, Grease, 
F l o a t a b l e s , N i t r o g e n , and Phosphates are shown i n Figures V-3 through V-6. 
I n d i v i d u a l values f o r one-hour periods were averaged f o r the Laguna S t r e e t data, 
whereas the Selby S t r e e t values were grouped i n i n t e r v a l s of three hours. Data 
f o r each monit o r i n g p e r i o d are included i n Appendix C. These q u a l i t y v a r i a t i o n s 
are c h a r a c t e r i s t i c of urban areas, r e f l e c t i n g normal human a c t i v i t y p a t t e r n s . 

The average flow r a t e and c o n c e n t r a t i o n data were combined f o r the 
c a l c u l a t i o n of mass discharge r e l a t i o n s h i p s . These were used to compute the 
r e l a t i v e c o n t r i b u t i o n of normal sewage flows to wet weather discharges, 
average dry weather per c a p i t a c o n t r i b u t i o n s , and flow-weighted mean c o n s t i 
tuent c o n c e n t r a t i o n s . The l a t t e r two are included i n Table V - l . The per c a p i t a 
values and average concentrations shown i n Table V - l are s i m i l a r to other 
r e p o r t e d values (18 and 19), i n d i c a t i n g that the systems studied are not unique 
i n terms of normal dry weather sewage flows. 

Coliforms and Bioassay 

D i u r n a l c o l i f o r m v a r i a t i o n s are shown i n Fi g u r e s V-7 and V-8. For both 
p i l o t s e c t o r s the data are p l o t t e d as l o g mean MPN's from two days of monitoring. 



TABLE V - l 

AVERAGE DRY WEATHER CONDITIONS 

SELBY STREET SYSTEM LAGUNA STREET SYSTEM 
Weekdays Weekends Weekly 

C o n s t i t u e n t 

Mean 
Concentration 

(mg/l) 

Lbs per 
Capita 
per Day 

Mean 
Concentration 

(mg/l) 

Lbs per 
Capita 
per Day 

Mean 
Concentration 

(mg/l) 

Lbs per 
Capita 
per Day 

CCD 456 0.365 465 0.372 430 0.383 

BOD 164 0.131 177 0.142 179 0.159 

SS 209 0.167 202 0.162 194 0.173 

VSS 148 0.118 146 0.117 162 0.144 

F l o a t a b l e s 3.0 0.0024 3.2 0.0026 2.8 0.0025 

Grease 45 0.036 27 0.022 45 0.040 

Nitrogen (N) 32 0.025 33 0.026 31 0.028 

Phosphate (PO^) 9.1 0.0073 8.1 0.0065 7.9 0.0070 



There i s no c l e a r cut e xplanation f o r the order, of magnitude d i f f e r e n c e 
between the numbers of t o t a l confirmed c o l i f o r m s and f e c a l c o l i f o r m s . 
A u t h o r i t a t i v e r e p o r t s (20) i n d i c a t e the f e c a l c o l i f o r m procedure (EC media at 
44 - 45°C) to be s e n s i t i v e to about 96 percent of the c o l i f o r m s o r i g i n a t i n g 
i n the human i n t e s t i n e . Therefore, although there has been no known study of 
the l e v e l s of f e c a l c o l i f o r m s i n domestic sewage, one would expect domestic 
sewage to have a r a t i o of f e c a l to t o t a l c o l i f o r m s of neap u n i t y . .The 
observed t o t a l confirmed c o l i f o r m MPN's are i n l i n e w i t h reported values 
(5- 7x10^ per ml) and the average per c a p i t a emission r a t e s were c a l c u l a t e d 
to be: 

P i l o t Sector 

Selby S t r e e t 

Laguna S t r e e t 

T o t a l Confirmed Coliforms 
Average Per Capita Emission Rate 

2 0 3 x l 0 9 per day 

1 9 0 x l 0 9 per day 

These values are a l s o t y p i c a l (18). 

In order to judge the r e l a t i v e s i g n i f i c a n c e of the r e s u l t s of bioassay 
t e s t s conducted on wet weather overflows, a l i m i t e d number of analyses were 
performed on dry weather samples. The r e s u l t s are presented i n Table V-2. 
The s i x - f o l d increase i n sewage strength from 7:00 A.M. to 8:45 A.M. was 
accompanied by a decreased median t o x i c l i m i t ( T I ^ ) . Comparisons with storm 
overflow bioassay r e s u l t s are i n c l u d e d i n a subsequent s e c t i o n of t h i s r e p o r t 

TABLE V-2 

BIOASSAY TEST RESULTS - SELBY ST. SYSTEM, DRY WEATHER FLOW 

TLm 
(Percent by 

Sample Time COD,mg/l Time, h r s . Volume of Sample) 

7:00 A.M. 72 24 > 75 
48 > 75' 
72 > 75 
96 > 75 

120 > 75 
8:45 A.M. 450 24 62 

48 39 
72 39 
96 38 

120 38 

The general c o n c l u s i o n drawn from the r e s u l t s of the dry weather monitor 
i n g program i s that both s e c t o r s , although having d i f f e r e n t patterns of land 
use and p o p u l a t i o n d e n s i t y , do not have unusual dry weather sewage flows i n 
terms of e i t h e r averages or v a r i a t i o n s of both flow r a t e and sewage p h y s i c a l -
c h e m i c a l - b i o l o g i c a l c h a r a c t e r i s t i c s . 
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WET WEATHER MONITORING 

Hydrology 

U t i l i z i n g the p r o j e c t raingauge and flow measurement data (and occasion
a l l y information from the U.S. Weather Bureau), r u n o f f f a c t o r s r e l a t i n g t o t a l 
r u n o f f to t o t a l r a i n f a l l have been c a l c u l a t e d f o r each storm monitored. This 
information i s shown together w i t h the antecedent dry p e r i o d f o r each storm 
i n Table V-3. Figures V-9 through V-13 d e p i c t the r a i n f a l l - r u n o f f r a t e s f o r 
each storm. No attempt was made to c o r r e l a t e the c a l c u l a t e d runoff f a c t o r s 
w i t h other storm parameters. I t should be noted that the storage c a p a c i t y 
of the Selby S t r e e t Trunk sewer was c a l c u l a t e d to be 12.2 acre f e e t , which 
i s e q uivalent to 0.043 inches of r u n o f f , or approximately 0.07 inches of r a i n 
f a l l for the' e n t i r e 3,400 acre s e c t o r . ,, This tends to reduce the r u n o f f f a c t o r 
f o r storms of small magnitude as a s i g n i f i c a n t p o r t i o n o f the runoff may not 
overflow. Because the mo n i t o r i n g of the Laguna S t r e e t O u t f a l l was c a r r i e d 
out only twice, whereas at Selby S t r e e t e i g h t storm flows were monitored, i t 
was b e l i e v e d that the runoff f a c t o r computed f o r the Laguna S t r e e t s e c t o r 
should be adjusted to e l i m i n a t e the b i a s introduced by the u t i l i z a t i o n of so 
few data p o i n t s . The most r a t i o n a l method f o r making such an adjustment would 
c o n s i s t of comparing the data f o r both sectors under i d e n t i c a l m e t e o r o l o g i c a l 
c o n d i t i o n s and u s i n g the two sets of data and the average data from Selby 
S t r e e t as a b a s i s f o r adjustment. The Selby S t r e e t system was monitored on 
the same dates as the Laguna S t r e e t s e c t o r , and t h i s i s as near as one could 
expect m e t e o r o l o g i c a l c o n d i t i o n s to be e q u i v a l e n t . Therefore, the comparison 
was made w i t h the Selby S t r e e t r a i n f a l l - w e i g h t e d mean runoff f a c t o r f o r the 
two periods i n question: 10 March 1967 and 15 March 1967. The flow-weighted 
mean runoff f a c t o r f o r thesewtwo^periods at Selby S t r e e t was 25.4 percent, as 
compared to 40.2 percent at Laguna S t r e e t . Hence the mean runoff f a c t o r f o r 
the Laguna St r e e t s e c t o r i s most l i k e l y i n the v i c i n i t y of 70 percent, as 
compared w i t h the o v e r a l l mean of 59.2 percent computed from the Selby S t r e e t 
data. This i s c o n s i s t e n t w i t h the r e l a t i v e imperviousness of the two p i l o t 
areas. 

Physical-Chemical C h a r a c t e r i s t i c s 

Based on a n a l y s i s of i n d i v i d u a l storm data, the nature of the overflows 
can be q u a l i t a t i v e l y d escribed as f o l l o w s : As runoff commences, the mass of 
sewage i n the downstream reaches of the sewerage system i s v i r t u a l l y f o r ced 
as a plug to the overflow s t r u c t u r e . Consequently, the i n i t i a l overflows 
g e n e r a l l y have the c h a r a c t e r i s t i c s of raw sewage. 

The c o n c e n t r a t i o n of c o n s t i t u e n t s i n the i n i t i a l overflows are, however, 
a f f e c t e d by the r a t e of buildup of stored r u n o f f i n the sewerage system. Slow 
ru n o f f r a t e s r e s u l t i n higher i n i t i a l p o l l u t a n t concentrations. For example, 
on 24 February approximately s i x hours elapsed between the beginning of r a i n 
f a l l and the commencement of overflow. The i n i t i a l COD was 1,762 mg/l, about 
four times the dry weather average. 

I f flows are s u f f i c i e n t , the i n i t i a l (sewage) phase i s followed by a 
p e r i o d of scour of m a t e r i a l s from the sewer. A m a j o r i t y of the surface debris 
i s a l s o swept i n t o the sewer system with the i n i t i a l p o r t i o n s of intense 

V-4 



1-

TABLE V-3 

HYDROLOGIC DATA FOR MONITORED STORMS 

System 

Selby 

< i 
Ln 

Laguna 

Date of Storm 
R a i n f a l l 
(inches) 

Runoff F a c t o r 
(percent) 

Antecedent 
Dry P e r i o d 

(days) 

Runoff 
Duration 
(hours.) 

6 Nov 66 0.98 35.8 50 4 

14 Nov 66 0 4 

15 Nov 66 
0.42 59.6 

1/2 4 

20 Jan 67 3.92 81.3 42 36 

23 Jan 67 0.72 84.6 1-1/2 8-1/2 

24 Feb 67 0.22 13.7 11 2-1/2 

10 Mar 67 1.34 20.2 o c , 7 Mar 67 
25.4 

15 Mar 67 0.74 34.8 < 1 

Flow-weighted mean 59.2 

10 Mar 67 1.01 34.6 7 * 

15 Mar 67 0.81 47.3 < 1 * 

Flow-weighted mean 
Adjusted mean** 

""Not measured. 

**See Text. 

40.2 
70 



r u n o f f . Consequently, overflows during the second phase are q u a l i t a t i v e l y 
the worst. I t has been found that during the pe r i o d the concentrations of 
the v a r i o u s c o n s t i t u e n t s i n the overflows r i s e from 150 to 200 percent of 
the average dry weather flow values. The l e v e l s of p o l l u t a n t s then decrease 
to steady-state v a l u e s , which are i n the range of 10 to 25 percent of dry 
weather flow values and most l i k e l y c h a r a c t e r i s t i c of surface r u n o f f sequent 
to the i n i t i a l washing. 

The time of decrease to steady-state l e v e l s , or decay time, has been 
found to be r e l a t i v e l y constant and independent of the magnitude of the 
r a i n f a l l or r a t e of discharge (so long as flow i s sustained f o r t h i s p e r i o d 
of time). For the Selby S t r e e t system the decay time i s about double 
the time of c o n c e n t r a t i o n , or approximately 100 minutes. 

A p l o t of data obtained at Selby S t r e e t during the monitoring of the 
storm of 6 November 1966 i s shown i n Figure V-14. The three phases described 
above are c l e a r l y d i s p l a y e d i n the p l o t s of COD, BOD, SS, and VSS. These 
patter n s were d i s p l a y e d f o r most of the remainder of the storms monitored. 
The data are included i n Appendix D. 

Based on the a n a l y s i s of eig h t storms i n the Selby S t r e e t p i l o t s e c t o r , 
c a l c u l a t i o n s were made to determine the average c h a r a c t e r i s t i c s of combined 
sewer overflows as a f u n c t i o n of time r e l a t i v e to the commencement of over
flow. For averaging purposes, the monito r i n g data were grouped i n t o the 
f o l l o w i n g c a t e g o r i e s : 

Time R e l a t i v e to 
Commencement Flow 
of Overflow Rate 
(minutes) (c f s ) 

0-10 < 100 
10-20 100-200 
20-30 200-400 
30-40 > 400 
40-50 
50-60 
60-80 
80-100 

100-120 
120-140 
140-170 
170-200 
> 200 

For each time increment, a mean con c e n t r a t i o n was computed by averaging the 
means of each flow r a t e increment. 

The lengths of the time increments were based on a s u b j e c t i v e e v a l u a t i o n 
of the r a t e s of change of c o n s t i t u e n t concentrations. A d e t a i l e d a n a l y s i s 
of r a i n f a l l i n t e n s i t y - f r e q u e n c y r e l a t i o n s h i p s p r e v i o u s l y developed by the 
C i t y of San F r a n c i s c o , i n d i c a t e d that approximately equal amounts of runoff 
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occur i n each of the s e l e c t e d flow r a t e increments, i . e . , approximately 
25 percent of the average annual r u n o f f from the Selby S t r e e t P i l o t Sector 
occurs at flow r a t e s l e s s than 100 c f s , e t c . Thus, i f s u f f i c i e n t data were 
accumulated, t h i s technique would provide flow-weighted mean concentrations 
f o r each time i n t e r v a l . The only question remaining concerns the adequacy 
of the c o l l e c t e d data. Subsequent research w i l l be d i r e c t e d towards an 
a n a l y s i s of t i m e - i n t e n s i t y r e l a t i o n s h i p s of i n d i v i d u a l storms, so that more 
accurate time-concentration data can be developed. I t was observed that 
storms preceded only by a short r a i n f a l l h i a t u s produced d i s t i n c t l y d i f f e r 
ent overflow q u a l i t i e s than d i d storms w i t h a longer antecedent dry p e r i o d . 
Moreover,- i t was found that the c r i t i c a l antecedent dry p e r i o d was approx
imately one day. That i s , very l i t t l e d i f f e r e n c e could be detected between 
overflows f o l l o w i n g a dry s p e l l of 1.5 days and overflows from storms o c c u r r i n g 
a f t e r much longer periods of dry weather (up to 50 days). Consequently, 
f o r purposes of c a l c u l a t i n g average overflow c h a r a c t e r i s t i c s the storm data 
were separated i n t o two c a t e g o r i e s : those w i t h antecedent dry periods of 
l e s s than one day, and those preceded by 1.5 to 50 days of dry weather. The 
breakdown was shown i n Table V-3. 

The average concentration-time data are p l o t t e d i n Figures V-15 through 
V-19. Dry weather averages are a l s o shown f o r comparative purposes. Because 
of a few extremely high strength i n i t i a l overflows, Phase I i s not apparent 
i n the average p l o t s . However, Phases I I and I I I are q u i t e d i s t i n c t . I t i s 
c l e a r that i f storage of the i n i t i a l 100 minutes of overflow could be achieved, 
i t would be p o s s i b l e to reduce by a large f a c t o r the mass of m a t e r i a l s d i s 
charged to the r e c e i v i n g waters. 

The l i m i t e d data c o l l e c t e d at the Laguna S t r e e t o u t f a l l are i n c l o s e 
agreement w i t h the Selby S t r e e t observations, although there are some 
s i g n i f i c a n t d i f f e r e n c e s . Because only two storms were monitored at Laguna 
S t r e e t , average c o n s t i t u e n t c o n c e n t r a t i o n data have not been computed. A 
comparison between the two s e c t o r s i s included i n a subsequent s e c t i o n on 
mass discharges. Appendix D contains a complete t a b u l a t i o n of wet weather 
data from both p i l o t s e c t o r s . 

Coliforms 

C o l i f o r m analyses were conducted on samples from only four storm periods 
(the l a s t four) at Selby S t r e e t and two at Laguna S t r e e t . The r e s u l t s are 
t a b u l a t e d i n Appendix D w i t h the p h y s i c a l - c h e m i c a l data. Composite p l o t s of 
the Selby S t r e e t t o t a l and f e c a l c o l i f o r m data are presented i n Figure V-20 
and Laguna S t r e e t data are shown i n Figure V-21. These p l o t s were prepared 
i n the same fa s h i o n as the p h y s i c a l - c h e m i c a l p l o t s (Figures V-15 through V-19). 
However, the i n d i v i d u a l data p o i n t s were not flow weighted, and geometric 
mean values were computed f o r each time i n t e r v a l . Because of the l i m i t e d 
f i e l d d ata, a more s o p h i s t i c a t e d a n a l y s i s was not j u s t i f i e d . 

Notable features of the c o l i f o r m d e n s i t i e s were the c o n t i n u i n g d e c l i n e 
of c o l i f o r m concentrations a f t e r most other c o n s t i t u e n t s have reached t h e i r 
s teady-state values. 
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S p e c i a l Analyses 

Bioassay Tests: Three samples from the Selby S t r e e t overflow of 
24 February 1967 were subjected to acute t o x i c i t y f i s h bioassay analyses. 
The t e s t f i s h were Gasterosteidae ( S t i c k l e b a c k s ) , and the t e s t s were con
ducted f o r 96 hours w i t h continuous a e r a t i o n of the t e s t v e s s e l s to e l i m i n a t e 
d i s s o l v e d oxygen d e p l e t i o n . 

F i s h k i l l s increased w i t h the strength of the overflow, as shown i n 
Table V-4. The samples i n which f i s h k i l l s occurred had extremely high 
t u r b i d i t i e s . I t i s there f o r e q u i t e p o s s i b l e that k i l l s were due to a 
p h y s i c a l o b s t r u c t i o n of the g i l l surfaces of the f i s h , r a t h e r than chemical 
t o x i c i t y . 

TABLE V-4 

BIOASSAY TEST RESULTS 
SELBY ST. SYSTEM. WET WEATHER OVERFLOW 

Time A f t e r ^m 
Commencement COD Time Percent 

Sample of Overflow (mg/l) hrs„ by Volume 

2-24-S-l 10 min 1,762 24 > 50 
48 > 50 
72 50 
96 35 

2-24-S-2 20 min 1,275 24 > 50 
48 > 50 
72 > 50 
96 > 50 

2-24-S-3 30 min 603 24 > 50 
48 > 50 
72 > 50 
96 > 50 

The h i g h s t r e n g t h sample was not s i g n i f i c a n t l y worse than the peak 
flow dry weather sample (Table V-2). Based on t h i s l i m i t e d i n f o r m a t i o n , 
i t might t h e r e f o r e be concluded that i t i s h i g h l y probable that combined 
sewer overflows pose no acute t o x i c i t y t h r e a t , provided the dry weather 
flows c o n t a i n no large concentrations of t o x i c m a t e r i a l s from i n d u s t r i a l 
d i s c h a r g e s . 

C h l o r i n e Demand Analyses: C h l o r i n e demand t e s t s were c a r r i e d out on :: 
four samples from the January 20th storm, and the r e s u l t s are shown i n 
Fi g u r e V-22 as a f u n c t i o n of the p a r t i c u l a r COD, The c o n d i t i o n of 4 mg/l 
r e s i d u a l a f t e r 10 minutes of contact had been e s t a b l i s h e d by the C i t y 
as being s u f f i c i e n t to reduce c o l i f o r m l e v e l s to l e s s than 10 per ml i n 
discharges from the sewage treatment p l a n t s . 
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The c o l i f o r m l e v e l of l e s s than 10 per ml was chosen as the acceptable l e v e l , 
s ince 10 per ml i s highest l e v e l of c o l i f o r m concentration allowed i n waters 
to be used f o r contact s p o r t s . The COD of the overflows during the i n i t i a l 
phase averaged to 800 mg/l and l a t e r the value normally l e v e l l e d o f f at about 
250 mg/l (see Figure V-15). Using these as the extreme ranges i t i s concluded 
that 10-15 mg/l of c h l o r i n e would be s u f f i c i e n t to o b t a i n the d e s i r e d r e s i d u a l 
i n the combined sewer overflow (see Figure V-22)„ However, f u r t h e r study i s 
necessary to evaluate more p r e c i s e l y the b a c t e r i o c i d a l e f f e c t s of c h l o r i n a t i o n 
of combined sewer overflows. 

Macroscopic P a r t i c u l a t e s ; Several analyses have been conducted on the 
m a t e r i a l s s e t t l e d d u r i ng the f l o a t a b l e s determinations and on the r e s i d u a l 
suspended m a t e r i a l s . Mass removal r e l a t i o n s h i p s have been c a l c u l a t e d from 
these r e s u l t s , and percent removals of v o l a t i l e s o l i d s , COD, and BOD are 
t a b u l a t e d i n Table V-5. These data i n d i c a t e the f e a s i b i l i t y of p h y s i c a l 
treatment methods f o r the r e d u c t i o n of the p o l l u t i o n a l l e v e l of combined sewer 
overflows. I t can be seen that s i g n i f i c a n t f r a c t i o n s of the BOD, COD, and 
VSS are associated w i t h the macroscopic p a r t i c u l a t e s i n the overflow. 

TABLE V-5 

MACROSCOPIC PARTICULATE FRACTIONS OF COMBINED SEWER OVERFLOW 
CONSTITUENTS AS DETERMINED BY IMHOFF CONE SETTLING-SAMPLES FROM SELBY STREET 

i m 

(V/TA S =110 g s f d ) * 

VOLATILE SOLIDS 

20 Jan 67 ( F i r s t 4 Hours) 
20-22 Jan 67 
23 Jan 67 

I I . COD 

20 Jan 67 ( F i r s t 4 Hours) 
20-22 Jan 67 
23 Jan 67 

BOD 

6 Nov 66 

T o t a l Storm 
Mass Discharge 

( l b s ) 

24,000 
77,500 
28,000 

55,500 
198,000 
46,000 

18,100 

S e t t l e a b l e 
( l b s ) 

17,300 
63,500 
23,400 

38,200 
136,600 
18,800 

9,500 

Percent 

72 
82 
84 

69 
69 
41 

53 

*V = Volume (1 l i t e r ) T = S e t t l i n g Time (30 min) 

Ag = Surface Area of L i q u i d i n Cone 

Mass Discharges 

In order to e s t a b l i s h q u a n t i t a t i v e l y the s i g n i f i c a n c e of combined sewer 
overflows, as compared to other p o l l u t i o n a l sources, s p e c i f i c mass discharge 
f a c t o r s ( lbs per a c r e - i n c h of r u n o f f ) were c a l c u l a t e d f o r s e v e r a l of the 
important overflow c o n s t i t u e n t s . A wide d i s t r i b u t i o n of storms has been 

V-9 



encountered i n the monitoring program, and the c a l c u l a t e d f a c t o r s are most 
l i k e l y r e p r e s e n t a t i v e of average c o n d i t i o n s . 

The technique used i n the computation of the mass discharge f a c t o r s 
c o n s i s t e d of d i v i d i n g the t o t a l mass of m a t e r i a l discharged by the t o t a l 
volume of f l o w , i . e . , 

Mass Discharge F a c t o r = S ̂.A*" 
2-I Q L3\ t 

These f a c t o r s a c t u a l l y amount t o f l o w weighted mean co n c e n t r a t i o n s , expressed 
i n more "convenient" u n i t s . 

The s p e c i f i c mass discharge f a c t o r s f o r i n d i v i d u a l c o n s t i t u e n t s f o r both 
p i l o t s e c t o r s are shown f o r each storm monitored i n Appendix E. Included 
are the values a t t r i b u t a b l e to the storm c o n d i t i o n s , that i s , the normal dry 
weather f l o w mass discharges have been subtracted from the t o t a l s . The 
average mass discharge f a c t o r s are summarized i n Table V-6. The s p e c i f i c 
mass discharge f a c t o r s f o r Laguna S t r e e t have been adjusted i n the same 
manner as the runoff f a c t o r . For the Selby S t r e e t area mean values from the 
data of 10 to 15 March were compared w i t h the o v e r a l l mean v a l u e s , r a t i o s 
were computed, and the Laguna S t r e e t data were adjusted i n p r o p o r t i o n to 
these r a t i o s . Here again i t was assumed that s i m i l a r m e t e o r o l o g i c a l condi
t i o n s produced p r o p o r t i o n a l d e v i a t i o n s from the true mean va l u e s . 

TABLE V-6 

MEAN SPECIFIC MASS DISCHARGE FACTORS 
(Lbs per Acre-Inch of Runoff) 

Co n s t i t u e n t 

BOD 
COD 
SS 
VSS 
F l o a t a b l e s 
Grease 
Nitrogen 
PO, 

Selby S t r e e t 
T o t a l Due to Storm** 

Laguna S t r e e t 
T o t a l Due to Storm** 

8.11 
35.8 
56.5 
17.5 
0,97 
2.92 
0.85 
0.190 

5.31 
29.8 
53.8 
15.6 
0.93 
2.54 
0.44 
0.084 

9.50* 
33.5* 
37.5* 
15.6* 
0.79 
2.83* 
1.09* 
0.229* 

4.04* 
20.0* 
32.1* 
10.8* 
0.65 
1.66* 
0.31* 
0.018* 

*Adjusted Means (see t e x t ) . 

* * T o t a l s l e s s estimated concurrent dry weather discharge. This amount of 
m a t e r i a l was e i t h e r contained i n surface runoff or was removed from the 
stored d e p o s i t s i n the sewer system. 

The average mass discharge f a c t o r s and annual mass discharges f o r COD, 
BOD, suspended s o l i d s , v o l a t i l e suspended s o l i d s , n i t r o g e n , and phosphates 
are compared i n Table V-7 w i t h data reported by Weibel, et a l (7) and 
Robeck (21) f o r urban surface r u n o f f i n C i n c i n n a t i . The three systems have 
the f o l l o w i n g r a i n f a l l and runoff q u a n t i t i e s : 
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TABLE V-7 

MASS CONSTITUENTS IN WET WEATHER DISCHARGES FROM URBAN AREAS 

Storm Runoff i n 
C i n c i n n a t i 

Combined Sewer Overflow, San F r a n c i s c o 

C o n s t i t u e n t 

BOD 

CCD 

SS 

VSS 

N 

P 0 4 

Grease 

l b / a c r e - y r + 

33 

240 

730 

160 

8.9 

2.5 

l b / a c r e - i n c h 
r u n o f f * 

2.01 

14.0 

45.6 

10.0 

0.56 

0.16 

Selby System 

l b / a c r e - v r 

101 

447 

632 

218 

10.6 

2.4 

36.5 

l b / a c r e - i n c h 
r u n o f f 

8.1 

35.8 

50.7 

17.5 

0.85 

0.19 

2.92 

Laguna System 

lb/acre-yr++ 

136 

480 

540 

224 

15.6 

3.2 

40.7 

l b / a c r e - i n c h 
r u n o f f 

9.50 

33.5 

37.5 

15.6 

1.09 

0.23 

2.83 

W e i b e l , e t a l (7) 

* C a l c u l a t e d w i t h an annual r u n o f f of 16 inches (21) 

** C a l c u l a t e d w i t h an annual r u n o f f of 12.5 inches 

4+ C a l c u l a t e d w i t h an annual r u n o f f of 14.4 inches 



System 
Annual R a i n f a l l 

(Inches) 
Annual Runoff 

(Inches) 
Percent 
Runoff 

C i n c i n n a t i 39.5 
20.5 
20.5 

16.0 
12.5 
14.4 

40.5 
Selby St., 
Laguna St. 

S. F. 
S.F. 

Hence a d i r e c t comparison should be r e s t r i c t e d to the s p e c i f i c mass discharge 
f a c t o r s . 

From Table V-7 i t appears that the a d d i t i o n a l mass discharges from 
combined sewer overflows (over and above urban surface r u n o f f ) are s i g n i f i c a n t 
f o r COD, BOD, and VSS, when compared to the c o n t r i b u t i o n s of storm r u n o f f 
alone. As one would expect, the p r i n c i p a l source of i n o r g a n i c suspended 
s o l i d s appears to be surface r u n o f f . Both n i t r o g e n and phosphorus concentrations 
are higher i n combined sewer overflows; however, the m a j o r i t y of these n u t r i e n t s 
appear to be conveyed to sewer from the surface. Separation of storm and s a n i t a r y 
sewers would r e s u l t i n the sewage increment of the combined sewage to be i n 
p a r t removed by treatment. 

Tables V-7 and V-8 lead to s e v e r a l at l e a s t t e n t a t i v e conclusions regarding 
the h a n d l i n g of storm r u n o f f and s a n i t a r y sewage i n urban areas. For example, 
i n s i t u a t i o n s where secondary treatment has not been i n s t a l l e d , m u n i c i p a l 
primary e f f l u e n t s annually c o n t r i b u t e the major p o r t i o n of organic p o l l u t a n t s 
and n u t r i e n t s to the r e c e i v i n g waters. Here the separate sewerage system would 
c o n t r i b u t e l i t t l e to the o v e r a l l r e d u c t i o n i n organic discharge and might only 
be j u s t i f i e d to p r o t e c t c e r t a i n l o c a l i z e d areas not otherwise i n f l u e n c e d by 
urban p o l l u t i o n . The same argument might a l s o apply to the suggestion that 
the overflows be i n d i v i d u a l l y t r e a t e d . However, when .secondary treatment i s 
p r a c t i c e d , the annual discharge of organics r e s u l t i n g from overflows of untreated 
sewage may n e a r l y equal those from the secondary p l a n t s e r v i n g the area. More
over, the annual discharge of organic p o l l u t a n t s i n surface storm r u n o f f , 
e s p e c i a l l y the suspended matter, may c o n s i d e r a b l y exceed that from secondary 
e f f l u e n t s or from untreated sewage overflows. In the case of n u t r i e n t s , both 
primary and secondary m u n i c i p a l e f f l u e n t s remain as the major source i n urban 
areas. Thus, from the standpoint of the annual discharge of organics i n t o s e n s i 
t i v e r e c e i v i n g waters that a l s o r e c e i v e e i t h e r primary or secondary e f f l u e n t s , 
storm d r a i n and s a n i t a r y sewer separation does not appear to be j u s t i f i e d . I t 
would be more e f f e c t i v e to use combined sewers, to minimize overflows by i n c r e a s 
i n g i n t e r c e p t o r and treatment p l a n t c a p a c i t i e s , and to provide some treatment 
f o r the overflows, e s p e c i a l l y where these occur i n s e n s i t i v e areas. 

A c o n s i d e r a t i o n o f the t r a n s i e n t e f f e c t s of combined sewer overflows may 
lead to a somewhat d i f f e r e n t c o n c l u s i o n from that of the previous paragraph, 
although not n e c e s s a r i l y . Releases of l a r g e q u a n t i t i e s of suspended and 
d i s s o l v e d o r g a n i c s , f l o a t a b l e s , and c o l i f o r m organisms i n short periods of 
time and at u n s u i t a b l e l o c a t i o n s may of course create unacceptable l o c a l problems. 
R a i n f a l l s u f f i c i e n t to cause overflows i n San F r a n c i s c o occurs approximately 
40 days per year, and the average annual r u n o f f amounts to about 30 percent of 
the average sewage flow and d u r i n g storm periods r u n o f f i s an order of magnitude 
greater than normal sewage flows. However, the f a c t that both urban surface 
r u n o f f and domestic sewage overflows may make comparable and s i g n i f i c a n t c o n t r i -
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TABLE V-8 

ANNUAL MASS DISCHARGES ( l b / a c r e - y r ) 

FOR URBAN AREAS SIMILAR TO PILOT SECTORS 

Primary 
E f f l u e n t 

Secondary 
E f f l u e n t * * 

Combined 
Sewer Overflows 

+ 
Separate 

Storm Sewer 
Discharges C o n s t i t u e n t Selby Laguna Selby Laguna Selby Laguna Selby Laguna 

BOD 1,450 4,050 175 554 101 136 25 29 

COD 2,420* 6,750* 280 886 447 480 188 218 

SS 1,415* 3,970* 105 332 632 538. 570 ~ 500 

VSS 990 2,780 84 264 146 224 125 145 

Grease 344 965 14 44 36 41 • • • • • • 

N 250* 792* 175 554 10.6 15.6 7.0 8.: 

P 0 4 
262* 830* 210 664 2.4 3.2 2.0 2.: 

"Assumptions: 
BOD:COD = 0.60 
VSS:SS = 0.70 
N = 35.7 mg/l 
P0 4 = 37.5 mg/l 

Assumed Concentrations; 
BOD 25 ppm 

15 ppm 
2 ppm 
12 ppm 
40 ppm 
25 ppm 
30 ppm 

Ass 
BOD 
SS 
Grease 
VSS 
COD 
N 

+ C a l c u l a t e d from Mass Discharge 
Fa c t o r s from C i n c i n n a t i 
(see Table V-7) and annual 
r u n o f f i n the two p i l o t s e c t o r s 
i n San F r a n c i s c o . 

"Without treatment 

Per c a p i t a flows 
Selby - 96 gcd 
Laguna - 107 gcd 



butions to r e c e i v i n g water p o l l u t i o n , f u r t h e r supports the argument against 
separate systems and suggests treatment as the more e f f e c t i v e a l t e r n a t i v e . 

Table V-8 has been prepared f o r purposes of comparing the r e l a t i v e mass 
discharges of sewage treatment p l a n t s , combined sewer overflows, and surface 
r u n o f f i n systems s i m i l a r to those studied i n t h i s i n v e s t i g a t i o n . C e r t a i n 
of the f i g u r e s were c a l c u l a t e d based on assumptions which are i n d i c a t e d i n 
the t a b l e . G e n e r a l l y , i n the absence of secondary treatment, primary e f f l u e n t s 
c o n s t i t u t e the bulk of mass discharges from urban areas, r e g a r d l e s s of the 
c o n s t i t u e n t s e l e c t e d f o r comparison. For the c o n s t i t u e n t s BOD, COD, VSS, 
and grease, the annual mass discharges from secondary e f f l u e n t s , combined 
sewer overflows, and separate storm sewer discharges are of the same order 
of magnitude. Q u a n t i t i e s of suspended s o l i d s are notably higher i n storm 
flows. N u t r i e n t s from dry weather sewage flows f a r overshadow those 
discharged from e i t h e r combined or separate storm sewers. 

E v a l u a t i o n of Overflow M o n i t o r i n g R e s u l t s 

There e x i s t s very l i t t l e i n f o r m a t i o n w i t h which to judge the u n i v e r s a l i t y 
of the data developed i n t h i s phase of the s t u d i e s . The only other known 
comprehensive combined sewer overflow study was conducted i n a small r e s i d e n t i a l 
s e c t o r i n Northampton, England by Gameson and Davidson (11). Figure V-23 
contains a comparison of t h e i r BOD and suspended s o l i d s data w i t h the i n f o r 
mation developed i n t h i s study f o r antecedent dry periods greater than one 
day. 

The correspondence between two BOD-time r e l a t i o n s h i p s i s e x c e l l e n t . The 
higher suspended s o l i d s r e s u l t s obtained i n t h i s study f o r time periods 
between 100 and 180 minutes are i n f l u e n c e d by the data from a s i n g l e storm, 
and should not be weighed too h e a v i l y . With t h i s i n mind, i t can be s t a t e d 
w i t h some assurance that the suspended s o l i d s r e l a t i o n s h i p s from the two 
stud i e s are qui t e s i m i l a r . 

Palmer's data from D e t r o i t (1) are compared i n Table V-9 w i t h the s p e c i f i c 
mass discharge f a c t o r s obtained i n t h i s study. 

TABLE V-9 

COMPARISON OF MASS DISCHARGE FACTORS IN 
SAN FRANCISCO AND DETROIT 

Const i t u e n t 

BOD 

Suspended S o l i d s 

V o l a t i l e Suspended 
S o l i d s 

C o l i f o r m MPN* 

D e t r o i t 

11.3 

56.6 

22 4 6 

4 . 3 x l 0 4 

S p e c i f i c Mass Discharge Fac t o r 
( l b s per acre-inc h of r u n o f f ) 

Selby S t. (S.F.) 

8.11 

56.5 

17.5 

5 x l 0 4 

Laguna St. (S.F.) 

9.50 

37.5 

15.6 

5 x l 0 4 

* Organisms per ml 
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The data from D e t r o i t , although obtained i n a l i m i t e d study, agree w e l l w i t h 
the San F r a n c i s c o data. 

On t h i s b a s i s i t can be concluded that combined sewer overflows from 
p r i n c i p a l l y r e s i d e n t i a l urban areas are adequately described by the r e l a t i o n 
ships i l l u s t r a t e d i n Figures V-15 to V-20. The p r i n c i p a l reason f o r the 
homologous q u a l i t y c h a r a c t e r i s t i c s of combined sewer overflows from areas of 
d i s s i m i l a r topography i s undoubtedly r e l a t e d to the d e b r i s washed from r o o f s , 
lawns, walks, and s t r e e t s . That i s , surface r u n o f f c o n t r o l s the q u a l i t y 
p a t t e r n s i n the overflows. I f storage i n the sewerage system were a s i g n i f i 
cant f a c t o r , then i t would be expected that the Laguna S t r e e t s p e c i f i c mass 
discharge f a c t o r s would be much l e s s than those determined at Selby S t r e e t , 
However, the sewer slopes i n the Laguna S t r e e t system are i n general exceed
i n g l y steep, and the r e s u l t a n t high v e l o c i t i e s would tend to i n h i b i t deposi
t i o n from dry weather flows. As the s p e c i f i c mass discharge f a c t o r s f o r the 
two s e c t o r s are q u i t e s i m i l a r , i t must be assumed that in-system storage 
d i d not c o n t r i b u t e s i g n i f i c a n t l y to the mass of m a t e r i a l s discharged i n the 
two p i l o t areas s t u d i e d . However, i t i s p o s s i b l e that i n c e r t a i n urban areas 
w i t h f l a t sewer s l o p e s , d e b r i s storage may be a s i g n i f i c a n t f a c t o r . 

RECEIVING WATER STUDIES 

In Figure TV-10 the sampling s t a t i o n s s e l e c t e d f o r r e c e i v i n g water s t u d i e s 
i n the Laguna o u t f a l l area were shown. The mo n i t o r i n g f o r background c o l i f o r m 
l e v e l s was c a r r i e d out on 20 Dec. 1966 and 17 Jan. 1967. No r a i n f a l l occurred 
between 9 December 1966 and 20 January 1967; consequently, a minimum of two 
weeks of dry weather preceded each sampling p e r i o d . Tables V-10 and V - l l 
i n c l u d e both t o t a l and f e c a l c o l i f o r m MPN's from the two days of dry weather 
monitoring. For reference purposes, the t i d a l data from Golden Gate Bridge 
(approximately two m i l e s away) are l i s t e d i n Table V-12. 

TABLE V-12 

TIDAL DATA, GOLDEN GATE BRIDGE 

Date Time Tide ( f t ) Date Time Tide ( f t ) 

19 Dec 66 2306 1.0 16 Jan 67 2118 1.0 

20 Dec 66 0624 5.2 17 Jan 67 0436 5.1 

1242 2.2 1048 2.2 

1812 3.6 1618 3.7 

2354 1.4 2200 1.5 

21 Dec 66 0700 5.4 18 Jan 67 0506 5.2 

1148 1.8 

A n a l y s i s of the dry weather background c o l i f o r m data lead to the f o l l o w 
i n g c o n c l u s i o n s : 
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TABLE V-10 

LAGUNA STREET 20 December 1966 

DRY WEATHER RECEIVING WATER COLIFORM MPN'S 

Results expressed as T o t a l C o l i f o r m s / F e c a l Coliforms per ml 

S T A T I O N 

< 

Sample Time l n 2 3 4 5 6+ 7 ^ 

1 0948 70 6.2 6.2 24 2.3 6.2 24 
2.3 2.3 2.3 0.46 0.6 6.2 6.2 

2 1123 24 24 2.3 2.3 24 2.3 24 
2.3 6.2 0.6 0.6 2.3 0.6 2.3 

3 1534 2.3 24 2.3 6.2 24 6.2 6.2 
2.3 2.3 2.3 1.3 0.6 2.3 6.2 

4 1805 6.2 24 2.3 24 24 70 24 
2.3 2.3 2.3 2.3 0.46 2.3 2.3 

5 2205 6.2 6.2 6.2 6.2 2.3 6.2 24 
2.3 0.6 0.46 2.3 2.3 2.3 24 

6 0030 70 24 24 24 2.3 70 24 
1.3 6.2 2.3 < 0.46 0.6 24 2.3 

7 0320 > 70 24 70 24 6.2 6.2 70 
24 0.6 1.3 24 0.6 2.3 13 

8 0620 24 70 24 24 6.2 24 2.3 
6.2 0.6 2.3 2.3 2.3 24 0.6 

Sampling s t a t i o n s nearest o u t f a l l . 

"Sampling s t a t i o n s outside Marina harbor. 



TABLE V - l l 

LAGUNA STREET 

DRY WEATHER RECEIVING WATER COLIFORM MPN'S 
17 January 1967 

Results expressed as T o t a l C o l i f o r m s / F e c a l Coliforms per ml 

Sample Time 

1 0653 

S T A T I 0 N 
1" 2" 3" 4 5 6 + 7+ 

70 6.2 24 24 2.3 2.3 6.2 
1.3 0.6 6.2 6.2 0.6 2.3 6.2 

0938 JL3 6.2 2.3 6.2 6.2 0.6 < 0^6 
0.6 < 0.6 0.6 0.6 <0.6 0.6 < 0.6 

1230 6/2 2^3 2 ^ 0^6 2 ^ 2/^ 2^5 
0.46 0.6 0.6 0.6 <0.6 <0.6 0.6 

4 1530 6/2 1.3/6.2 0.6 2.3 0.6 2.3 2.3 
< 0.6 < 0.6 0.6 < 0.6 < 0.6 < 0.6 < 0.6 

1825 2^3 2/i_ 6/1 0^6 CL6 6^2 0_;_6 
< 0.6 < 0.6 0.6 < 0.6 0.6 < 0.6 0.6 

2123 CMS 1/2 2 ^ 24_ < CL6 6^2 6_;_2 
< 0.6 < 0.6 < 0.6 0.6 < 0.6 2.3 0.6 

0030 2/i 2/5 6/2 6/2 2/S 2A_ 6/2 
< 0.6 0.6 2.3 0.6 < 0.6 1.3 < 0.6 

0325 6/2 2^3 2^3 2^3 6/2 6/2 6/2 
2.3 2.3 0.6 <0.6 0.6 0.6 < 0.6 

"Sampling s t a t i o n s nearest o u t f a l l . 
+Sampling s t a t i o n s outside Marina harbor. 



1. C o l i f o r m MPN's on 17 January were s i g n i f i c a n t l y l e s s than on 
20 December. On the l a t t e r date only three samples showed a t o t a l 
c o l i f o r m MPN greater than 10 per ml. 

2. The r a t i o of t o t a l to f e c a l c o l i f o r m s was about the same as i n 
the trunk sewer, i . e . , approximately 10:1. 

3. Comparison of the two days' data showed no c o n s i s t e n t r e l a t i o n s h i p 
between t i d e and c o l i f o r m d e n s i t y f o r s i x of the seven s t a t i o n s . 

Wet weather monitoring of overflow from the Laguna S t r e e t o u t f a l l was 
conducted on 10 March 1967 and 15 March 1967, and r e c e i v i n g water monitoring 
was c a r r i e d out from 10 March 1967 to 19 March 1967 w i t h two samples per day 
per s t a t i o n . Although the overflows were sampled only on 10 and 15 March, 
r a i n f a l l occurred almost continuously between the two dates, as shown i n 
Figures V-24 through V-27. 

The r e c e i v i n g water confirmed and f e c a l c o l i f o r m MPN's are p l o t t e d i n 
Figures V-24 through V-27, and Appendix F contains the numerical data. For 
p l o t t i n g purposes the s t a t i o n s have been d i v i d e d i n t o two s e t s ; those which 
are w i t h i n the l i m i t s of the harbor, and those which are adjacent to or i n 
the bay ( S t a t i o n 4 appears i n both s e t s ) . Because of the l i m i t e d number 
of d i l u t i o n s used f o r each sample, i n some instances a l l tubes were p o s i t i v e 
whereas on other occasions no p o s i t i v e tubes were encountered. Such r e s u l t s 
are i n d i c a t e d i n Figures V-24 to V-27 by arrows which s i g n i f y e i t h e r h i g her 
or lower MPN's than a c t u a l l y p l o t t e d . 

The high c o l i f o r m l e v e l s detected i n the Marina were not unexpected as 
the body of water i s r e l a t i v e l y confined. With an average c o l i f o r m MPN of 
5 x l 0 4 per ml, combined sewer overflows create an overwhelming impact i n 
areas where d i l u t i o n i s r e s t r i c t e d . On the other hand, the data i n d i c a t e an 
extremely r a p i d decrease i n c o l i f o r m l e v e l s at the t e r m i n a t i o n of r a i n f a l l . 
For many of the s t a t i o n s the time f o r a 90 percent decrease, or tgQ, was i n 
the range of one-half day. I t i s a l s o somewhat apparent that f o l l o w i n g 
periods of discharge, the r e s i d u a l c o l i f o r m l e v e l s are higher than normally 
encountered i n dry weather. I t w i l l be r e c a l l e d that the data c o l l e c t e d 
a f t e r s i x weeks of dry weather i n d i c a t e d s i g n i f i c a n t l y lower MPN's than the 
i n f o r m a t i o n obtained a f t e r o n ly two weeks without p r e c i p i t a t i o n . 

As i n previous phases of the study, the 10:1 r a t i o of t o t a l to f e c a l 
c o l i f o r m s was g e n e r a l l y found to occur. Because of the s i g n i f i c a n c e of these 
organisms i n the r e g u l a t i o n of water qual i t y , the b a s i s f o r t h i s p r o p o r t i o n 
a l i t y should r e c e i v e f u r t h e r a t t e n t i o n . 

The r e c e i v i n g water s t u d i e s have emphasized the p r e v i o u s l y recognized 
f a c t t h a t i n order to maintain r e c r e a t i o n a l l e v e l of b a c t e r i o l o g i c a l water 
q u a l i t y i n the environment of combined sewer o u t f a l l s , i t w i l l be e s s e n t i a l 
that some means of d i s i n f e c t i o n of overflows be employed. 
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DISSOLVED AIR FLOTATION EXPERIMENTS 

Samples from the overflows of 24 February 1967 at Selby S t r e e t and 
10 March 1967 at Laguna S t r e e t were subjected to d i s s o l v e d a i r f l o t a t i o n 
experiments. A l i q u o t s were removed from the apparatus at s e l e c t e d i n t e r v a l s 
and analyzed f o r grease and COD. Figures V-28 through V-32 d e p i c t the 
r e s u l t s of the l a b o r a t o r y experiments. 

T h e o r e t i c a l l y the r e l a t i o n s h i p of time i n the l a b o r a t o r y apparatus to 
surface l o a d i n g r a t e i s as f o l l o w s : 

Surface Loading Time i n Laboratory 
Rate (gsfd) Test Apparatus (sec) 

5,000 94 
10,000 47 
20,000 24 

The l a b o r a t o r y experiments c l e a r l y demonstrated that d i s s o l v e d a i r 
f l o t a t i o n i s a p o t e n t i a l l y f e a s i b l e method f o r the treatment of combined 
sewer overflows. In a d d i t i o n to e x c e l l e n t removals of grease, the process 
i s capable of e f f e c t i n g s i g n i f i c a n t r eductions of other p o l l u t i o n a l m a t e r i a l s 
as demonstrated by the COD r e s u l t s . The experiments show that surface l o a d i n g 
r a t e s i n the range of 5,000 gsfd might be p r a c t i c a l from a design standpoint 
and that r e c y c l e r a t i o s of 10 to 20 percent are probably s u f f i c i e n t to achieve 
80 percent grease removal. 

The s e l e c t i v e removal of f l o a t a b l e m a t e r i a l s by d i s s o l v e d a i r f l o t a t i o n 
makes t h i s process p a r t i c u l a r l y a t t r a c t i v e f o r combined sewer overflow t r e a t 
ment, sin c e f l o a t a b l e s create the most o f f e n s i v e a e s t h e t i c problems i n r e c e i v 
i n g waters. The high surface l o a d i n g r a t e s a t t a i n a b l e are a l s o a d e f i n i t e 
a t t r i b u t e of the process, as a r e a l requirements are reduced w i t h i n c r e a s i n g 
surface l o a d i n g r a t e s . This f a c t o r can be extremely important i n high d e n s i t y 
urban areas. 
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RESULTS OF LABORATORY DISSOLVED AIR FLOTATION TESTS (C.O.D.) 

600 

1 i i I 

SAMPLE 2 - 2 4 - S - 3 

RECYCLE RATIO 

2 = 8 • 

l<9 • 

500 
PRESSURE ' 50 psig 

400 -

,m
g

/l 

P 300 
O 
(J 

200 

100 -

0 
( 

1 1 1 1 0 
( D 1 2 3 4 5 

TIME, minutes 

c 

ENGINEERING - SCIENCE, INC. 



FIGURE 2 - 31 

R E S U L T S OF DISSOLVED AIR FLOTATION T E S T S ( G R E A S E ) 

ENGINEERING-SCIENCE, INC. 



S A M P L E 3 - I 0 - L - 2 S A M P L E 3 - I O - L -

40 

10 

Recycle Ratio: \'-9 

Pressure: 50psig 

cn 
E 

LU 
00 20 
< 
LU 
or 
o 

10 

Pressure: 50 psig 

Recycle Ratio 

o = 
o = 

4 

9 

19 

T IME , min. T I M E , min. 

RESULTS OF LABORATORY DISSOLVED AIR FLOTATION TESTS 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Dry Weather Flows 

1. The r e s u l t s of the dry weather monitoring program i n d i c a t e d that 
the p i l o t sectors studied were c h a r a c t e r i s t i c of urban areas of the United 
S t a t e s . Comparisons of the dry weather monitoring data w i t h published 
i n f o r m a t i o n i n d i c a t e d that i n terms of both q u a l i t y and q u a n t i t y , the 
sewage flows o r i g i n a t i n g i n the two p i l o t sectors are t y p i c a l , as are t h e i r 
d i u r n a l v a r i a t i o n s . Table VI-1 summarizes the p e r t i n e n t f e a t u r e s of the 
p i l o t sectors and t h e i r dry weather sewage flows. 

TABLE VI-1 

CHARACTERISTICS OF PILOT SECTORS AND 
DRY WEATHER SEWAGE FLOWS 

C h a r a c t e r i s t i c s 
P i l o t Sector 

Selby St, Laguna St. 

Area 
Land Use 

Mean Dry Weather Sewage Flow 

Mean Concentrations: 
COD 
BOD 
SS 
VSS 
Grease 
Nitrogen (N) 
Phosphate (PO^) 
Col i f o r m s (MPN) - T o t a l 

- F e c a l 

3,400 acres 
Balanced Urban 

Community 
7.77 mgd 
96 gpcpd 

456 mg/l 
164 
209 
148 
45 
32 
9.1 

5.7 x 10 D 

4 x 1 0 4 

per ml 
ii i i 

370 acres 
M u l t i p l e Residence-

Commercial 
2.68 mgd 
107 gpcpd 

430 mg/l 
179 
194 
162 
45 
31 
7.9 

4.7 x 10 per ml 
3.5 x 10 4 per ml 

One of the yet unexplained observations i s the approximately 10:1 r a t i o of 
t o t a l c o l i f o r m s to f e c a l c o l i f o r m s i n the dry weather flow. 

Combined Sewer Overflows 

2. The combined sewer overflow sampler developed during t h i s study per
m i t t e d an accurate q u a n t i t a t i o n of the c h a r a c t e r i s t i c s of combined sewer 
overflows. Described i n d e t a i l i n Appendix A, the sampler c o n s i s t s of a 
t r a v e l i n g v e r t i c a l c y l i n d e r which removes elements from each l e v e l of the over
flow stream. 

3. The c a l c u l a t e d t o t a l runoff f a c t o r ( r a t i o of runoff to r a i n f a l l ) f o r 
the Selby S t r e e t area was 0.59 and f o r the Laguna S t r e e t area i t was 0.70. 
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These f a c t o r s are c o n s i s t e n t w i t h the physiographic c h a r a c t e r i s t i c s of the 
two areas. The Laguna S t r e e t area has s i g n i f i c a n t l y l e s s open space and 
v e g e t a t i o n than the Selby S t r e e t area. I t i s l i k e l y that runoff f a c t o r s 
fo r the remainder of the c i t y range between 0.60 and 0.70. On t h i s b a s i s , 
approximately nine b i l l i o n g a l l o n s of surface runoff are discharged 
annually d i r e c t l y i n t o San F r a n c i s c o Bay and the ocean. In comparison, 
about 33 b i l l i o n g a l l o n s of primary e f f l u e n t are discharged from the C i t y ' s 
sewage treatment p l a n t s . 

4. The concentrations of the v a r i o u s q u a l i t y parameters f o l l o w d e f i n i t e 
patterns w i t h respect to elapsed time a f t e r discharge begins. The r a t e 
of discharge appears to have l i t t l e i n f l u e n c e on the concentrations. I t i s 
p o s t u l a t e d that the t r a n s p o r t of storm water contaminants takes place i n 
three phases. The f i r s t phase begins w i t h the accumulation of sewage i n 
the lower reaches of the sewer systems, which discharges as a plug, and 
consequently, i n i t i a l l y the overflows have the c h a r a c t e r i s t i c s of raw sewage. 
The second phase i n v o l v e s the outflow of r e t a i n e d m a t e r i a l s from the land 
surface and sewer system. A f t e r the c l e a n s i n g a c t i o n of the r a i n f a l l and 
r u n o f f has removed the e a s i l y transported m a t e r i a l s , the overflows represent 
the mixing of r e l a t i v e l y l a r g e q u a n t i t i e s of c l e a n surface runoff w i t h small 
amounts of sewage. In g e n e r a l , these Phase I I I overflows are r e l a t i v e l y 
innocous. 

5. Comparisons w i t h the l i m i t e d amount of other data a v a i l a b l e showed 
that the q u a l i t y patterns obtained i n t h i s study appear to be g e n e r a l l y 
c h a r a c t e r i s t i c of urban areas. I t i s b e l i e v e d that the uniqueness of i n d i v i 
dual domestic sewerage systems i s not a major f a c t o r . However, runoff from 
p r i n c i p a l l y i n d u s t r i a l areas may have s i n g u l a r c h a r a c t e r i s t i c s which would 
warrant s p e c i a l c o n s i d e r a t i o n . 

6. I t was observed that the q u a l i t y c h a r a c t e r i s t i c s of a l l combined 
sewer overflows from a given area preceded by more than one day of dry weather 
are n e a r l y i d e n t i c a l . I t appears that there i s l i t t l e d i f f e r e n c e between the 
concentrations of p o l l u t a n t s discharged during a storm having two days of 
antecedent dry weather and the concentrations of these c o n s t i t u e n t s i n the 
f i r s t storm of the season. These observations s t r o n g l y imply that in-system 
storage of m a t e r i a l s from dry weather flows i s not a major f a c t o r i n p o l l u 
t i o n from combined sewer overflows. This aspect w i l l r e c e i v e f u r t h e r a t t e n 
t i o n i n s t u d i e s recommended f o r the second year. I t i s intended to conduct 
m a t e r i a l s balance s t u d i e s of a combined sewer system i n which input and 
output are q u a n t i t a t e d , a l l o w i n g the determination of the magnitude of i n -
system storage as a f u n c t i o n of antecedent dry p e r i o d . 

7. C o l i f o r m organism concentrations (MPN's) i n combined sewer over
flows averaged approximately 5xl04/ml (about 10 percent of dry weather f l o w s ) . 
They showed the same type of time-dependent decrease as the other q u a l i t y 
parameters, v a r y i n g from dry weather flow values of approximately 5xl0^/ml 
to l e s s than 10 /ml. 

8. Bioassays conducted on samples of dry weather flows and the most 
p o l l u t e d p o r t i o n s of the combined sewer overflows i n d i c a t e d that the median 
to l e r a n c e l i m i t (TI^) of the t e s t f i s h to both wastes was about the same. 
For dry weather flow samples (COD = 450 mg/l) and combined sewer overflow 
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samples (COD = 1,760 mg/l), the 96-hr TLm's were 38 percent and 35 percent, 
r e s p e c t i v e l y . Hence i t appears that there i s no s i g n f i c a n t t o x i c i t y increase 
due to m a t e r i a l s present because of surface r u n o f f . As t o x i c i t y problems 
seldom r e s u l t from domestic waste discharges, i t i s concluded t h a t no 
problems of t h i s nature should be expected from combined sewer overflows. 

9. C h l o r i n e demand t e s t s c a r r i e d out on samples from combined sewer 
overflows showed that there i s a high dependence on the organic s t r e n g t h 
of the waste. In general an average c h l o r i n e dose of 10 to 15 mg/l should 
be s u f f i c i e n t to achieve t o t a l c h l o r i n e r e s i d u a l s of 4 mg/l a f t e r 10 minutes 
of contact, although doses of 20 to 25 mg/l may be required during periods 
of maximum organic s t r e n g t h . Previous work by the C i t y has demonstrated, 
c h l o r i n e r e s i d u a l s of 4 mg/l a f t e r 10 minutes contact are adequate f o r 
purposes of d i s i n f e c t i n g primary sewage e f f l u e n t s , and t h i s c o n c l u s i o n i s 
based on the assumption that i d e n t i c a l r e s u l t s w i l l be obtained w i t h combined 
sewer overflows. F u r t h e r studies of c h l o r i n e requirements are recommended 
f o r subsequent research. 

10. Analyses conducted on s e t t l e d overflow samples demonstrated that the 
macroscopic p a r t i c u l a t e f r a c t i o n s of the v a r i o u s p o l l u t a n t s were q u i t e 
s i g n i f i c a n t . Approximately 75 percent of the v o l a t i l e suspended s o l i d s 
were removed i n 30 minutes of s e t t l i n g i n an Imhoff cone and the average 
COD was reduced about 60 percent. In separate t e s t s , BOD reductions of 
53 percent were obtained. The p o t e n t i a l of p h y s i c a l treatment methods i s 
i m p l i c i t i n these r e s u l t s . 

R e l a t i o n s h i p s of Combined Sewer Overflows and Other Waste Discharges 

11. Comparisons of the mass discharges of the various p o l l u t a n t s i n 
combined sewer overflows w i t h dry weather flows showed that domestic sewage 
c o n t r i b u t e s r e l a t i v e l y l i t t l e to the t o t a l mass of m a t e r i a l (except f o r BOD) 
c a r r i e d i n combined sewer overflows. The exceptions are the n u t r i e n t s 
n i t r o g e n and phosphorus as a major f r a c t i o n of these m a t e r i a l s i n the 
San F r a n c i s c o system appears to o r i g i n a t e w i t h the municipal sewage. Pre
v i o u s l y reported data on urban surface r u n o f f (7) s u b s t a n t i a t e these r e s u l t s . 
However, i t i s apparent that s i g n i f i c a n t amounts of n u t r i e n t s are contained 
i n runoff from some urban areas. Table VT-2 summarizes the i n f o r m a t i o n . 

TABLE VI-2 

RELATIVE CONCENTRATIONS OF CONSTITUENTS IN 
COMBINED SEWER OVERFLOWS AND URBAN SURFACE RUNOFF 

Con s t i t u e n t 

R a t i o of Mean Concentrations 
Combined Sewer Overflows/Urban 

Surface Runoff 

BOD 
COD 
SS 
VSS 
N 

4 
2 
1 
1.5 
1.8 
1.2 
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12. A d d i t i o n a l comparisons of t o t a l annual p o l l u t a n t discharges i n primary 
and secondary sewage treatment p l a n t e f f l u e n t s i n combined sewer overflows 
and i n urban surface runoff are made i n Table VT-3. For most c o n s t i t u e n t s , 
secondary e f f l u e n t s , combined sewer overflows, and urban surface runoff 
c a r r y annual amounts of the same order of magnitude. However, the n i t r o g e n 
and phosphorus discharged w i t h secondary e f f l u e n t s amount to one to two 
orders of magnitude more than that contained i n both combined sewer over
flows and surface runoff from separate storm d r a i n s . 

Impact.of Combined Sewer Overflows on the B a c t e r i o l o g i c a l Q u a l i t y of 
Receiving Waters 

13. Receiving water i n v e s t i g a t i o n s y i e l d e d r e s u l t s which agreed w i t h 
the p r e v i o u s l y known f a c t that combined sewer overflows have a co n s i d e r a b l e 
impact on the b a c t e r i a l q u a l i t y of r e c e i v i n g waters. C o l i f o r m MPN's i n the 
range of 1,000 per ml were observed i n the r e l a t i v e l y confined m u n i c i p a l 
marina which serves as the r e c e i v i n g water f o r the Laguna S t r e e t combined 
sewer o u t f a l l . I t was found, however, that r a p i d reductions i n the MPN's 
took place. I t i s estimated that the time r e q u i r e d f o r a 90 percent 
decrease was approximately 12 hours. On the other hand, r e s i d u a l c o l i f o r m 
concentrations were c o n s i s t e n t l y higher f o l l o w i n g periods of overflow, 
being about two to three times greater than i n dry weather periods and 
appearing to p e r s i s t f o r about two weeks. 

C o n t r o l of P o l l u t i o n From Combined Sewer Overflows: Separation of Combined 
Sewer Systems 

The data developed i n t h i s study and compared w i t h previous work i n v o l v 
ing urban surface runoff demonstrate the questionable f e a s i b i l i t y of sep a r a t i n g 
urban combined sewer systems. Based on i n f o r m a t i o n i n Table VI-3, which 
compares annual per acre mass discharges from v a r i o u s waste e f f l u e n t s , the 
f o l l o w i n g s p e c i f i c conclusions were drawn: 

14. F or urban areas i n which primary treatment of dry weather flows 
i s p r a c t i c e d , annual mass discharges from treatment p l a n t e f f l u e n t s f a r 
exceed those from combined sewer overflows. For most c o n s t i t u e n t s the 
d i f f e r e n c e i s an order of magnitude or g r e a t e r . 

15. Annual mass discharges from secondary e f f l u e n t s are n e a r l y equal 
to those from combined sewer overflows (except f o r n i t r o g e n and phosphorus) 
from urban areas i n which the annual r a i n f a l l i s about 20 inches. On the 
other hand, the annual mass discharge of n i t r o g e n and phosphorus w i t h 
secondary e f f l u e n t s exceeds by about 50 times the q u a n t i t i e s of these 
c o n s t i t u e n t s c a r r i e d by combined sewer overflows from urban areas. 

16. The f r a c t i o n a l r e d u c t i o n of mass discharges achieved by separating 
combined sewer systems would be n e g l i g i b l e i f no treatment of urban runoff 
were p r a c t i c e d . Only f o r the c o n s t i t u e n t s BOD and COD would the reductions 
be s i g n i f i c a n t . On the other hand, these s t u d i e s have demonstrated that 
treatment of combined sewer overflows would r e s u l t i n s u b s t a n t i a l reductions 
of a l l p o l l u t i o n a l c o n s t i t u e n t s at l e s s expense than would be inv o l v e d i n the 
sepa r a t i o n of combined systems. Therefore i t i s concluded that treatment 
i s a more f e a s i b l e a l t e r n a t i v e s o l u t i o n to the problem of p o l l u t i o n from 
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TABLE VI-3 

< 

ANNUAL MASS DISCHARGES AT SELBY STREET 
( l b / a c r e - y r ) 

C o n s t i t u e n t 
Primary 

E f f l u e n t * 
Secondary 
E f f l u e n t * * 

Combined 
Sewer Overflow 

Urban 
Surface 
Runoff*** 

BOD 1,450 175 101 25 

COD 2,420 280 447 188 

SS 1,415 105 632 570 

VSS 990 84 146 125 

Grease 344 14 36 -
N 250 175 10.6 7.0 

P 0 4 
262 210 2.4 2.0 

* At Southeast Sewage Treatment P l a n t . 

**Assuming standard ra t e treatment of the primary e f f l u e n t . 

* * * C a l c u l a t e d from Mass Discharge Fac t o r s from C i n c i n n a t i (see Table V-7) 
and annual runoff from Selby S t r e e t s e c t o r . 



combined sewer overflows than i s the separation of combined systems. 

C o n t r o l of P o l l u t i o n From Combined Sewer Overflows: Treatment Methods 

17. The worst q u a l i t y segments of combined sewer overflows occur 
during the f i r s t two hours of r u n o f f . I f storage of the i n i t i a l p o r t i o n s 
of runoff could be accomplished, the p o l l u t i o n load on the r e c e i v i n g waters 
would be s u b s t a n t i a l l y reduced. The stored volume could be subsequently 
d i v e r t e d to a sewage treatment p l a n t where s t r i p p i n g of much of the o b j e c t i o n 
able m a t e r i a l could take place. 

The p r i n c i p a l disadvantage of storage tanks i s the large s i z e r e q u i r e 
ment. In San F r a n c i s c o a two-year storm of two hours d u r a t i o n has an 
i n t e n s i t y of 0.35 inches per hour. To r e t a i n the runoff from such a storm 
would r e q u i r e approximately four acre f e e t of storage per 100 acres of 
drainage area. For the Selby S t r e e t O u t f a l l the required storage would 
amount to 136 acre f e e t . In most m e t r o p o l i t a n areas and e s p e c i a l l y i n 
San F r a n c i s c o the space needed to c o n s t r u c t such f a c i l i t i e s i s not a v a i l a b l e . 
However, the economics of storage should be explored i n a systematic f a s h i o n 
so that a r a t i o n a l comparison can be made w i t h other methods f o r s o l v i n g 
the combined sewer overflow p o l l u t i o n problem. 

18. Sedimentation: A n a l y s i s of the macroscopic p a r t i c u l a t e f r a c t i o n s 
of s e v e r a l p o l l u t i o n a l c o n s t i t u e n t s demonstrated the p o t e n t i a l of p h y s i c a l 
methods f o r the treatment of combined sewer overflows. Sedimentation 
t h e r e f o r e was a candidate process although i t was recognized that the 
l a b o r a t o r y Imhoff cone r e s u l t s would not be i n d i c a t i v e of f i e l d performance 
of sedimentation u n i t s . In the f i r s t p l a c e , the nominal surface l o a d i n g 
r a t e of an Imhoff cone (at 30 min s e t t l i n g time) i s approximately 110 g s f d , 
whereas continuous flow u n i t s f o r combined sewer overflow treatment would 
n e c e s s a r i l y have to be designed f o r a much higher surface l o a d i n g r a t e i n 
order to be competitive w i t h other methods of treatment. Secondly, the 
quiescent c o n d i t i o n s of the Imhoff cone are u n a t t a i n a b l e i n continuous 
flow u n i t s . 

Perhaps the most o b j e c t i o n a b l e f e a t u r e of sedimentation i s that f l o a t 
able m a t e r i a l s , i n c l u d i n g p a r t i c u l a t e s as w e l l as o i l s and greases, tend 
to be l a r g e l y unaffected by sedimentation. One of the primary o b j e c t i v e s 
of combined sewer overflow treatment should be to r e s t r i c t the discharge 
of f l o a t a b l e s , and i t i s b e l i e v e d w i t h o r d i n a r y sedimentation t h i s o b j e c t i v e 
cannot be f u l f i l l e d . 

19. Screening: The passage of greases and o i l s would cause t h i s 
technique to be i n e f f e c t i v e i n a c h i e v i n g the aforementioned p r i n c i p a l 
o b j e c t i v e . However, i t i s p o s s i b l e that i n conj u n c t i o n w i t h other processes, 
screening may be an e f f e c t i v e adjunct method f o r the treatment of combined 
sewer overflows. F u r t h e r e x p l o r a t o r y work on the development of s a t i s f a c t o r y 
screens and screening techniques should be considered. Judging from the 
r e l a t i v e s i z e of screening u n i t s , the economic b e n e f i t s which would r e s u l t 
from a s u c c e s s f u l treatment process would be s u b s t a n t i a l . 

20. D i s s o l v e d A i r F l o t a t i o n : The a t t r a c t i v e f e a t u r e s of d i s s o l v e d a i r 
f l o t a t i o n , as p r e v i o u s l y mentioned and as demonstrated i n t h i s i n v e s t i g a t i o n , 
are: 
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a. • S e l e c t i v e removal of f l o a t a b l e m a t e r i a l s , i n c l u d i n g o i l s and 
greases, occurs. 

b. Removal of p a r t i c u l a t e m a t e r i a l s i s e f f e c t e d through n u c l e a t i o n 
and growth of a i r bubbles on the surface of the p a r t i c u l a t e s . The bulk 
s p e c i f i c g r a v i t y of m a t e r i a l s not amenable to sedimentation can be a l t e r e d , 
causing them to f l o a t to the surface where they can be e a s i l y removed. 

c. R e l a t i v e l y h i g h surface loading r a t e s can be employed. I t appears 
that s a t i s f a c t o r y removal of grease (hexane e x t r a c t a b l e s ) can occur a t 
surface loading r a t e s of 6,000 gsfd. Thus s i z e requirements can be much 
smaller than those a s s o c i a t e d w i t h other continuous flow processes. 

The l a b o r a t o r y r e s u l t s obtained i n t h i s i n v e s t i g a t i o n demonstrated 
the p o t e n t i a l f e a s i b i l i t y of d i s s o l v e d a i r f l o t a t i o n as a means of 
t r e a t i n g combined sewer overflows. Tentative design s p e c i f i c a t i o n s f o r 
the process are a surface l o a d i n g r a t e i n the range of 5,000 gsfd and a 
pr e s s u r i z e d r e c y c l e r a t e of 10 to 20 percent. 

This process should be examined i n grea t e r d e t a i l since i t could very 
w e l l economically solve a major part of the combined sewer overflow problem. 

21. D i s i n f e c t i o n : The r e c e i v i n g water s t u d i e s conducted as part of 
t h i s i n v e s t i g a t i o n emphasized the poi n t that d i s i n f e c t i o n of combined 
sewer overflows w i l l be an e s s e n t i a l p a r t of treatment i f e x i s t i n g r e c r e a t i o n a l 
water q u a l i t y standards are to be maintained. Based on previous s t u d i e s 
conducted by the C i t y and experiments c a r r i e d out on combined sewer overflow 
samples i n t h i s program, i t i s concluded that c h l o r i n a t i o n of combined sewer 
overflows would be an e f f e c t i v e and economical means of d i s i n f e c t i o n . In 
order to maintain the d e s i r e d c h l o r i n e r e s i d u a l (4 mg/l a f t e r 10 minutes of 
contact) a c h l o r i n e dosage of 10 to 15 mg/l would be r e q u i r e d . The annual 
c h l o r i n e requirements f o r San F r a n c i s c o , based on an average annual r a i n f a l l 
of 20 inches and a ru n o f f f a c t o r of 0.65, would be 400 to 500 tons. 

C h l o r i n a t i o n could be accomplished r e a d i l y i n c o n j u n c t i o n w i t h other 
schemes, such as the d i s s o l v e d a i r f l o t a t i o n process, since contact time 
would be provided during the residence of the overflow i n the process. 

RECOMMENDATIONS 

Although t h i s i n v e s t i g a t i o n has provided d e f i n i t i v e i n f o r m a t i o n on 
s e v e r a l aspects of combined sewer overflows, there are other important 
f a c t o r s which should be explored i n subsequent s t u d i e s . D e t a i l e d recommenda
t i o n s are enumerated below. 

1. The major c o n c l u s i o n of t h i s study has been that separation of 
combined sewer systems does not c o n s t i t u t e a reasonable engineering s o l u t i o n 
to the p o l l u t i o n problems caused by combined sewer overflows. I t has been 
furthermore demonstrated t h a t treatment of combined sewer overflows by 
d i s s o l v e d a i r f l o t a t i o n and c h l o r i n a t i o n represents one of the best means 
of c o n t r o l of such overflows from urban areas. 

I t i s t h e r e f o r e recommended that a d i s s o l v e d a i r f l o t a t i o n - c h l o r i n a t i o n 
f a c i l i t y be cons t r u c t e d on a minor combined sewer o u t f a l l i n the C i t y f o r 
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purposes of demonstrating the f e a s i b i l i t y of the processes on a f u l l s c a l e 
b a s i s . Through a comprehensive program of operation and process monitoring, 
design and operating c r i t e r i a f o r s i m i l a r i n s t a l l a t i o n s i n other areas can 
be developed. 

I t i s recommended that the f a c i l i t y be l o c a t e d on the Baker S t r e e t Out
f a l l , which d r a i n s an area of about 200 acres on the northern s h o r e l i n e of 
the C i t y . Because t h i s o u t f a l l discharges i n t o waters p r i n c i p a l l y used f o r 
r e c r e a t i o n a l purposes, the recommended demonstration p r o j e c t would c o n s t i t u t e 
an important element of an u l t i m a t e comprehensive combined sewer overflow 
c o n t r o l program as w e l l as c o n t r i b u t e to the technology of advanced waste 
treatment. 

Fa c t o r s which should be evaluated i n the recommended demonstration 
p r o j e c t i n c l u d e : 

a. Design surface l o a d i n g r a t e 
b. Recycle r a t i o 
c. A i r pressure 
d. Pretreatment requirements (bar screens, etc.) 
e. F l o a t c o l l e c t i o n methods 
f. P o st-runoff s o l i d s h a n d l i n g techniques 
g. C h l o r i n e dose rates 
h. Receiving water e f f e c t s 

Such a program would be of value not only to the C i t y of San F r a n c i s c o 
but to other urban areas as w e l l . 

2. Comparison of the r e s u l t s of t h i s study w i t h other data showed that 
s u b s t a n t i a l c o n t r i b u t i o n s of p o l l u t a n t s to combined sewer overflows are made 
by urban surface r u n o f f . E f f o r t s should be made to q u a n t i t a t e the r e l a t i v e 
p o l l u t i o n a l c o n t r i b u t i o n of surface runoff w i t h respect to that o r i g i n a t i n g 
i n normal sewage discharges. The i n f o r m a t i o n to be obtained from such a 
study would be of value f o r two reasons. F i r s t , i t would permit a b e t t e r 
understanding of the c h a r a c t e r of combined sewer overflows, and secondly, 
i t i s p o s s i b l e that other treatment methods ( f o r both combined sewer over
flows and urban surface r u n o f f ) may become more evident i f the q u a l i t y 
c h a r a c t e r i s t i c s of surface storm r u n o f f are q u a n t i t a t i v e l y analyzed. 

3. Another important element of subsequent s t u d i e s should be the 
c h a r a c t e r i z a t i o n of surface runoff and combined sewer overflows from types 
of urban area not covered i n t h i s i n v e s t i g a t i o n . In p a r t i c u l a r , zones of 
heavy i n d u s t r i a l a c t i v i t y should be monitored. U t i l i z i n g r a i n f a l l data, 
geophysical c h a r a c t e r i s t i c s , and other p e r t i n e n t i n f o r m a t i o n r e l a t i v e to 
urban areas, i t should be p o s s i b l e to e s t a b l i s h a r a t i o n a l methodology f o r 
the handling and treatment of combined sewer overflows from v a r i o u s urban 
environments. 

4. Receiving water e f f e c t s were stud i e d i n t h i s i n v e s t i g a t i o n i n terms 
of the b a c t e r i o l o g i c a l q u a l i t y of the waters preceding and subsequent to 
combined sewer discharges. These s t u d i e s should be continued to evaluate 
the f u l l impact of these discharges on the aquatic environment of the 
r e c e i v i n g waters. The cause and e f f e c t r e l a t i o n s h i p s among va r i o u s t r o p h i c 
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l e v e l s and s p e c i f i c overflow c o n s t i t u e n t s should be determined. Information 
obtained from such studies would be of s u b s t a n t i a l value i n the development 
of comprehensive programs f o r the c o n t r o l of p o l l u t i o n from combined sewer 
overflows f o r the p r o t e c t i o n of a l l r e c e i v i n g water uses. 

5. The present study has demonstrated the p o t e n t i a l of d i s s o l v e d a i r 
f l o t a t i o n i n the treatment of combined sewer overflows. Further l a b o r a t o r y 
and p i l o t s c a l e experiments should be conducted to determine the f e a s i b i l i t y 
of u t i l i z i n g chemical a d d i t i v e s i n the treatment of overflows by d i s s o l v e d 
a i r f l o t a t i o n as w e l l as to provide design c r i t e r i a . There i s d e f i n i t e 
promise that the a d d i t i o n of chemical " f l o t a t i o n a i d s " w i l l improve s i g n i f i 
c a n t l y the degree of treatment. Because t h i s process has yet to be employed 
i n s i t u a t i o n s i n v o l v i n g combined sewer overflows, e v a l u a t i o n experiments 

of a p r a c t i c a l nature should be conducted under a wide range of operating 
c o n d i t i o n s . The e f f e c t i v e n e s s of c h l o r i n a t i o n i n c o n j u n c t i o n w i t h d i s 
solved a i r f l o t a t i o n should a l s o be i n v e s t i g a t e d . 

6. A systematic a n a l y s i s of l o c a l r a i n f a l l records should be conducted 
using computer techniques to develop a r a t i o n a l method of p r e d i c t i n g the 
p o l l u t i o n a l e f f e c t s of known r a i n f a l l d i s t r i b u t i o n p a t t e r n s . This a n a l y s i s 
w i l l provide a methodology which w i l l be extremely u s e f u l f o r purposes of 
design of combined sewer overflow treatment processes i n the C i t y as w e l l 
as i n other areas of the United S t a t e s . 

VI-9 



CHAPTER VII 

REFERENCES 

Palmer, C. L., The P o l l u t i o n a l Effects of Storm Water Overflows from 
Combined Sewers, Sewage & Industrial Wastes, 22: no 2, 154 (Feb 1950) 

Sylvester, R. 0., An Engineering and Ecological Study for the 
Rehabilitation of Green Lake, University of Washington, Seattle, 
Washington (1960) 

Wilkinson, R., The Quality of R a i n f a l l Runoff Water From a Housing 
Estate, Journal I n s t i t u t e Public Health Engineers, London (1954) 

Shigorin, G. G. , The Problem of City Surface Runoff Water, Vodosnabzhenie 
i Sanitamaya Tekhnika, 2: pg 19, (1956) 

Akerlindh, G., The Quality of Storm Water Flow, Nordisk Hygienisk 
T i d s k r i f t (Stockholm), 31: pg 1 (1950) 

Stander, G. J . , Topographical P o l l u t i o n , 40 Annual Conference, 
I n s t i t u t i o n of Municipal Engineers, National I n s t i t u t e for Water 
Research, (1961) 

Weibel, S. R., Anderson, R. J . , and Woodward, R. L., Urban Land 
Runoff as A Factor i n Stream P o l l u t i o n , Journal Water Po l l u t i o n 
Control Federation, 36: no 7, pg 914 (July 1964) 

P o l l u t i o n a l Effects of Stormwater and Overflows from Combined Sewer 
Systems, U, S. Dept. of Health, Education, and Welfare (Nov 1964) 

Dunbar, D.D., and J. G. F. Henry, P o l l u t i o n Control Measures for 
Storm Waters and Combined Sewer Overflows, Journal Water P o l l . 
Control Fed., 38 (1), 9 (Jan 1966). 

Romer, H., and Klashman, L., The Influence of Combined Sewers on 
Po l l u t i o n Control, Public Works, 92: no. 10, 129-133 (Oct. 1961) 

Gameson, A.L.H., and Davidson, R.N., Storm-Water Investigations 
at Northampton, Journal and Proceedings In s t i t u t e of Sewage P u r i f i c a t i o n , 
Part 2: pg 105 (1963) 

Anon., Dig Deep to Store Storm Water, Engineering News - Record 
(July 1965) 

Anon., City Plans to Treat Storm Water, Engineering News - Record 
(May 28, 1964) 

King, H.W., Handbook of Hydraulics, McGraw-Hill Book Co., New York (1954) 

A n a l y t i c a l Methods, Sanitary Engineering Research Laboratory, University 
of C a l i f o r n i a , Berkeley (March 1966). 

VII-1 



16. Standard Methods for the Examination of Water and Wastewater, Eleventh 
E d i t i o n , American Public Health Association, New York (1960). 

17. Determination and Removal of Floatable Material From Waste Water, 
Engineering-Science, Inc., Arcadia, C a l i f o r n i a (1965) 

18. F a i r , G.M., and J. C. Geyer, Water Supply and Waste-Water Disposal, 
John Wiley & Sons, Inc., New York (1961) 

19. Babbitt, H.E., and E. R. Baumann, Sewerage and Sewage Treatment, 
John Wiley & S 0ns, Inc., New York (1964) 

20. Geldreich, E.E., R. H. Bordner, CB. Huff, H. F. Clark, and 
P. W. Kabler, Type D i s t r i b u t i o n of Coliform Bacteria i n the Feces 
of Warm-Blooded Animals, Journ. Water P o l l . Control Fed., 
34: (3), 295 (March 1962) 

21. Robeck, G. G., Private Communication, (July 1967) 

VII-2 



APPENDIX A 

DESCRIPTON OF ENGINEERING-SCIENCE COMBINED 
SEWER OVERFLOW SAMPLER 

A-1 



APPENDIX A 

DESCRIPTION OF ENGINEERING-SCIENCE COMBINED 
SEWER OVERFLOW SAMPLER 

PRINCIPLE 

Combined sewer overflows are usually highly s t r a t i f i e d with respect 
to the particulate materials they carry, and a representative sample 
therefore must contain a portion of each element of the flowing stream. 
The Engineering-Science combined sewer overflow sampler achieves the 
objective of obtaining representative samples by means of "coring" the 
waste flow from top to bottom. Samples are mixed within the coring apparatus 
and ejected to a sample receiver by means of compressed a i r . 

CONSTRUCTION 

The sampling tube consists of 12-inch well casing, which i s contained 
i n a set of four 2-inch steel pipe guides. The unit i s supported on a 
stee l base plate, which i s firmly attached to the invert of the overflow 
channel. The sampling tube i s raised by means of a block and tackle 
apparatus, suspended from a cross-member at the top of the sampler guides. 

• Two of the sampler guides are f i t t e d with 180° elbows at the base 
plate. The elbows return to the base plate within the area enclosed by 
the sampling tube. One of the sample guide-elbow conduits serves as 
the compressed a i r supply to the sampling tube; the other carries the 
mixed sample to the sample receiver. 

Figure A-1 shows the arrangement of the components, and Figure A-2 shows 
the i n s t a l l a t i o n of a sampler at Selby Street. 

OPERATION 

1. P r i o r to sampling, the tr a v e l l i n g - c y l i n d e r (sample tube) i s i n 
the raised position, which allows the flowing stream to pass through the 
guide bars. 

2. The a i r release valve i s opened and the cylinder i s dropped into 
the sampling position and twist locked. 

3. P r i o r to closing the a i r release val^e, the compressed a i r supply 
valve i s opened for a short period of time, which causes the cylinder 
contents to be thoroughly mixed. 

4. The a i r release valve i s closed and the compressed a i r supply 
valve opened, causing the cylinder contents to become pressurized. The 
increased a i r pressure in the cylinder forces the mixed sample up through 
the discharge guide bar tube and the mixed sample discharges into a 
receiving container. 

5. After the internal cylinder pressure has been released, the 
t r a v e l l i n g cylinder i s unlocked and raised into position for subsequent 
sampling. 

A-2 



FIGURE A - I 

SAMPLER (12" DIA.) 

SAMPLER FOR 
STORM FLOWS 

NOT TO SCALE 
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APPENDIX B 

MODIFIED COD PROCEDURE 

1. Place 25 ml of oxidizing agent i n a 125 ml erlenmeyer flask , add about 
0.5 gms of s i l v e r sulfate (AgSO^) and 10 mg HgS04 for EACH 1 mg C l " 
in sample. 

2. Add appropriate ml of sample (between 1.0 and 5.0 ml) so that COD w i l l 
be between 10 and 3,000. Dilute sample with d i s t i l l e d water i f 
extremely high. Then add from 1-5 ml sample using correction factor. 

3. Heat to 165° C within 3-5 minutes. 

4. Let cool to room temperature then f i l l up to the top with d i s t i l l e d 
water, s w i r l i n g to mix well. 

5. Let come to room temperature again. 

6. Transfer to a 250-300 ml erlenmeyer f l a s k , rinse 3 times adding a l l 
rinsings to flask. 

7. Add 3 drops fe r r o i n indicator to the flask. 

8. Titrate with 0.05 N ferrous ammonium sulfate (FeSO^ (NH4) 2 SO4) u n t i l 
the l i g h t blue color changes to a brick red. I n i t i a l color after 
adding f e r r o i n w i l l be yellow. Do not add ferroin to a hot sample. 

9. Carry out steps 1 thru 8 on a d i s t i l l e d water blank (5 ml) as the sample 

COD = ( B l a n k titer-sample t i t e r ) x normality of FAS x 8 x 1000 
ml of sample used 

Reagents: 

1. Oxidizing agent: 500 ml Cone. H2SO4, 500 ml cone H3PO4 (phosphoric 
acid) 2.5 gms of K2CR2O7 (Potassium Dichromate). Dissolve dichromate 
i n about 25 ml d i s t i l l e d water before adding acid. 

2. Ferrous Ammonium Sulfate (FeSO^ ( ^ 4 ) 2 SO4) . Dissolve 20 grams of FAS 
i n d i s t i l l e d ^ 0 . Add 5 ml cone. H2SO4 ( s u l f u r i c acid) then make 
mixture up to I l i t e r with d i s t . H20. 
Standardize FAS solution using 0.025 N Potassium dichromate standard 
solution (K 2 CR2 O7). 

a. To approx 150 ml d i s t . water add 50 H2SO4 (1+3) cool, add 
20 ml 0.025 N K2 CR2 0 7. Add 3 drops f e r r o i n indicator, t i t r a t e with 
FAS to brick red color on standing. 

ml K 2 GR2 0 7 x 0.025 
NFAS = ml FAS used 
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3. Ferroin indicator solution. Dissolve 1.485 g 1-10 phenanthroline 
(monohydrate) together with 0.695 g FeSO^ • 7H20 and d i l u t e to 100 ml 
with d i s t H2O. This indicator solution can be purchased already pre
pared from the G. Frederick Smith Co., Columbus Ohio. 

4. S i l v e r Sulfate (AgSO^) add about 0.5 grams to each flask before adding 
sample or heating. Reagent grade cr y s t a l s . 

5. Mercuric Sulfate (HgSO^) Reagent grade, low i n mercurous mercury add 
HgSO^ i n the r a t i o of 10 mg for each mg C l " present i n sample. 

Accuracy and Precision 

A correlation with the Standard Methods (16)" procedure i s 
given i n Figure B-1. 
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APPENDIX B 

LIQUID-LIQUID EXTRACTION OF OIL AND 
GREASE FROM SEWAGE 

GENERAL DISCUSSION 

Pr i n c i p l e : The salts of the fa t t y acids are f i r s t hydrolyzed by a c i d i f i c a 
tion and heating for one hour. O i l and grease i s then extracted i n a con
tinuous extractor, and the residue remaining after evaporation of the solvent 
i s weighed. Compounds v o l a t i l i z e d at or below 85° C w i l l be l o s t . 

Interferences: This method i s subject to the same interferences as the 
Soxhlet Extraction Method. 

APPARATUS 

Sampling Bottle: A 1 - l i t e r Pyrex fla s k provided with a 34/45 standard 
ground glass j o i n t and a 1000 ml ca l i b r a t i o n mark. 

Water Bath: Water bath which can be adjusted to 72° - 75° C. 

Extraction Apparatus: A Pearson extraction apparatus as shown i n Figure B-2. 

Glass F i l t e r Paper: Whatman GF/c. 4.25 cm. 

Magnetic S t i r r e r : Precision S c i e n t i f i c Catalog No. 65904 with a 1-1/2 inch 
Teflon coated s t i r r i n g bar. 

Hot Plate 

Aluminum Dishes: 5.5 cm, Van Waters & Rogers, Inc. Catalog No. 25433. 

REAGENTS 

Hydrochloric acid, cone. 

n-Hexane, b o i l i n g point 68-69° C, p u r i f i e d grade. 

PROCEDURE 

Collect a 1 - l i t e r volume of sewage i n the sampling bottle (which also 
serves as extraction chamber) and a c i d i f y by adding 10 ml cone. HC1. Place 
the a c i d i f i e d sample i n the 72-75° C water bath for one hour. Remove and 
cool to below 65° C. 

Place the Teflon coated magnetic s t i r r i n g bar i n the extraction flask; 
place the glass f i l t e r paper and the monel screen i n the cylinder and assemble 
the extraction apparatus as shown i n Figure B-2. Seal the 34/45 joint at the 
top of the extraction flask with d i s t i l l e d water. Add 150 ml hexane to the 
Erlenmeyer flask and set the mixer at speed 7 (to obtain a small vortex). 
Start the extraction and adjust the hot plate so the extraction rate i s between 
400 ml and 600 ml hexane per hour. (Between 15 minutes and 20 minutes from 
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the time the hexane begins to condense i n the top condenser t i l l i t starts 
overflowing back into the Erlenmeyer f l a s k ) . Extract for three hours, turn 
off the hot plate, wait fi v e minutes ( f i r e hazard), and remove Erlenmeyer 
Flask. 

Evaporate the hexane in the Erlenmeyer flask on a water bath or steam 
bath t i l l only 10-15 ml are l e f t . Transfer quantitatively to a predried 
and weighed set of aluminum dishes (rinse three times with hexane from a 
glass wash b o t t l e ) . The set of aluminum dishes i s made by widening the 
sides of one dish and placing a similar dish inside the f i r s t dish (to prevent 
losses by creeping). Evaporate the hexane in the dishes to dryness at 
room temperature. Place dishes i n an 85° C oven for 5 minutes, cool i n 
a desiccator for 15 minutes and weigh. Repeat drying procedure u n t i l 
observed weight change i s less than 0.5 mg for 5 minutes drying. 

CALCULATIONS 

mg/l Hexane Extractable Material = 

(mg increase i n weight of dishes - blank) x 1000 
ml sample extracted 

PRECISION AND ACCURACY 

An average recovery of 98.5 percent with a standard deviation of 2.3 
percent was obtained on Crisco standards. Replicate analyses of three 
sewage samples containing from 30 mg/l to 100 mg/l Hexane Extractable 
material yielded standard deviations between 0.7 mg/l and 1.0 mg/l. The 
c o e f f i c i e n t of v a r i a t i o n varies from one to three percent i n this range. 

SPECIAL PRECAUTIONS 

Mixing: The mixing speed i s very c r i t i c a l . The speed of the mixer should 
be such that the re f l u x i n g hexane i s dispersed i n small droplets throughout 
the sample being extracted and a small vortex created. The speed i s best 
adjusted when extracting a clear water sample. 

Blanks: The p u r i f i e d hexane varies from batch to batch. A duplicate blank 
determination should be made on each batch received, and the average sub
tracted from the extraction r e s u l t s . Since the blank values are r e l a t i v e l y 
small (0.5 mg/150 ml hexane to 3.0 mg/150 ml hexane) and e a s i l y corrected 
for, i t w i l l , i n most cases, be unnecessary to use the expensive a n a l y t i c a l 
grade hexane. 

Rising Sludge: Sludge may r i s e i n some samples and clog the glass f i l t e r 
paper. This occurs mainly i n samples containing a high concentration of 
suspended solids and i s most e a s i l y prevented by d i l u t i n g the samples 1:1 
with d i s t i l l e d water before preheating. (Too violent mixing w i l l have the 
same e f f e c t ) . 
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APPENDIX B 

LABORATORY DETERMINATION OF FLOATABLE 
MATERIAL IN SEWAGE 

GENERAL DISCUSSION 

P r i n c i p l e ; The floatable material i n a sewage sample i s concentrated on 
the surface of the sample i n a special Teflon coated Fl o t a t i o n Funnel. The 
remainder of the sample i s drained off and the floatable material collected, 
washed, and weighed on a glass f i l t e r paper. The hexane extractable 
f r a c t i o n of the floatable material can be determined subsequently by 
cutting the f i l t e r paper into 1 cm x 1 cm pieces and extracting these. 

APPARATUS 

Flot a t i o n Funnel: A Teflon coated 3 - l i t e r F l otation Funnel provided with 
a 7-mm bore Teflon stop c6ck i s shown i n Figure B-1. The Fl o t a t i o n Funnel 
should be provided with a 10 ml, 40 ml, 200 ml, and 3000 ml mark. 

Mixer: Variable speed paddle mixer adjustable from 40 RPM to 100 RPM. 

Paddle: Teflon coated brass paddle 75 mm x 25 mm. 

F i l t e r Holder: Teflon coated M i l l i p o r e f i l t e r holders. Catalog No. 
XX 10 047 00. 

F i l t e r Papers: Whatman GF/c. 5.5 cm 

Suction Flask 

Vacuum Pump 

Oven: Adjusted to between 35° C and 40° C. 

Cleaning Rod: A 3 mm diameter Teflon coated brass rod 85 cm long. 

PROCEDURE 

Sample Collection and Preparation 

Collect an 8 - l i t e r sample i n a bucket provided with a bottom outlet. 
Great care must be taken to sample at points where the waste stream i s 
completely mixed. Best results are obtained when the bucket i s dipped 
d i r e c t l y into the waste stream. Transport the 8 - l i t e r sample to the 
laboratory, place a propeller s t i r r e r i n the bucket and s t i r so floatables 
are thoroughly mixed throughout the whole 8 - l i t e r volume. While s t i r r i n g , 
transfer three l i t e r s through the bottom outlet into the Flotation Funnel. 
The sample s h a l l be transferred to the F l o t a t i o n Funnel within two hours 
after c o l l e c t i o n to insure that no s i g n i f i c a n t change i n the amount of 
floatable material takes place. 
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Place the Flotation Funnel i n a rack and fasten securely to prevent 
even s l i g h t movements. 

Conduct the test at the same temperature as that of the receiving body 
of water. 

Correction for Density and for Concentration Effects 

When a waste to be analyzed i s being discharged into a receiving water 
with a density and ion concentration different from that of waste i t s e l f , 
the density and ion concentration of the waste should be adjusted to that 
of the receiving water. In the frequent case where the receiving water i s 
ocean water, the density adjustment should be done i n the following manner: 
1.5 1 sample i s placed i n the Flotation Funnel and 1.5 1 f i l t e r e d sea water 
for the receiving area added together with mixture o£ 39.8 NaCI, 8.0 g 
MgCl 2-6H 20, 10.1 g MgSO4-7H20, and 2.3 g CaCl 2-2H 20. The f i n a l mixture 
w i l l then contain 1.5 1 sample i n a medium of the approximately same density 
and ion concentration as sea water. 

Mixing and F l o t a t i o n 

Place the paddle mixer i n the Flotation Funnel, mix, s e t t l e , and dischar 
as shown i n Table B-1. I t i s important that the surface of the sample in 
the F l o t a t i o n Funnel remains undisturbed during the discharge to prevent loss 
of floatables. The discharge rate s h a l l be 500 ml per minute except for the 
l a s t 30 ml which s h a l l be discharged dropwise. 

F i l t r a t i o n and Weighing 

Place a washed, dried, and weighed glass f i l t e r paper i n the Teflon 
coated f i l t e r holder and f i l t e r the l a s t 10 ml with the floatable material. 
Wash with d i s t i l l e d water. An additional piece of preweighed f i l t e r paper 
may be used to wipe the bottom of the f i l t e r holder i f necessary. 

Dry the f i l t e r (and the additional piece i f used) at 35° C or 40° C 
for 1-1/2 hours, place i n a desiccator for 15 minutes and weigh. Redry 
to constant weight. 

CALCULATIONS 

... „ , , i . i mg/mcrease in weight of f i l t e r mg/l Floatable Material = — a—= -z r — = : r — volume of sample i n l i t e r s 

PRECISION AND ACCURACY 

Replicate analysis of sewage samples as shown i n Table B-II, showed 
the following standard deviations and recoveries: 
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TABLE B-I 

MIXING AND FLOTATION SCHEDULE 

1. Mix at 40 RPM for 15 minutes. 

2. Let s e t t l e 5 minutes. 

3. Mix at 100 RPM for 1 minute. 

4. Let s e t t l e 30 minutes. 

5. Discharge 2.8 l i t e r s at a rate of 500 ml/min. (Use cleaning 

rod i f settled material clogs the stop cock). 

6. Wash mixing paddle and sides of the F l o t a t i o n Funnel with 

d i s t i l l e d water from a wash bot t l e u n t i l a l l particulate matter 

has moved to the bottom of the funnel. 

7. Let s e t t l e 15 minutes. 

8. Discharge down to the 40 ml mark. 

9. Let s e t t l e 10 minutes. 

10. Discharge dropwise to the 10 ml mark. 

11. *Add 500 ml d i s t i l l e d water of same temperature as the sample, 

and repeat steps seven through ten. 

Step 11 can be omitted for samples containing high concentrations 
of floatable material and low concentrations of suspended s o l i d s . 
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TABLE B-II 

PRECISION AND ACCURACY OF THE 
FLOATABLES DETERMINATION METHOD 

Type of Avg. Floatables No of Coef. of Percent 
Sewage Concentration mg/l Samples Variation Recovery 

Raw* 49. mg/l 5 5.7% 96% 

Raw 1.0 mg/l 5 20% 92% 

Primary 2.7 mg/l 5 15% 91% 
Effluent 

'Additional floatable material added from skimmings from a 
primary tank. 
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FIGURE B - 1 
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FIGURE B - 2 
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FIGURE B - 3 
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TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
6 September 1966 

SAMPLE 
TIME 

1 
0030 

2 
0310 

3 
0600 

4 
0900 

5 
1155 

6 
1420 

7 
1743 

8 
2050 

TEMPERATURE, °C 22 21 20 21 20 22 21.5 22 

pH 7.5 7.7 7.6 8.0 7.4 7.4 7.6 7.6 

CONDUCTIVITY, umho/cm 720 820 780 940 700 695 720 685 

ALKALINITY, mg/l as CaC03 
204 204 190 302 194 178 188 180 

SUSPENDED SOLIDS, mg/l 73 63 45 270 264 208 164 250 

VOLATILE SUSPENDED SOLIDS, mg/l 26 • 37 46 210 188 152 121 199 

GREASE, mg/l 32 11 6 61 - 92 54 115 

COD, mg/l 239 226 110 580 467 525 408 634 

BOD, mg/l 140 40* - 198 225 245 182 189 

FLOATABLE PARTICULATES, mg/l 1.7 4.3 6.3 3.9 12.0 - 2.4 3.7 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - - - - - - - -

TOTAL KJELDAHL NITROGEN, mg/l -N 23.0 10.7 - - - - - -

AMMONIA NITROGEN, mg/l -N 20.2 9.0 9.5 - - - - -

TOTAL PHOSPHATE, mg/l P0 4 
7.2 4.2 2.3 1.8 15.7 17.3 12.5 10.5 

SULFATE, mg/l 20 20 20 14 22 24 22 14 

CHLORIDE, mg/l 75 110 95 75 60 65 72 60 

SODIUM, mg/l 55 68.5 62 59 67.5 72 66.5 61 

POTASSIUM, mg/l 9.6 7.2 6.1 13.7 8.6 9.2 9.7 13.4 

CALCIUM, mg/l 24 32 34 18 12 24 24 18 

MAGNESIUM, mg/l 14.6 17 18.2 15.8 17 12.2 14.6 10.9 

* 20%-30% D.O. Depletion 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
17-18 September 1966 

SAMPLE 
TIME 

1 
2115 

2 
0015 

3 
0315 

4 
0620 

. TEMPERATURE, °C 22.5 21.8 21.5 21.0 

pH 7.4 7.6 7.7 7.5 

CONDUCTIVITY, umho/cm 580 555 700 750 

ALKALINITY, mg/l as CaC03 
136 151 170 112 

SUSPENDED SOLIDS, mg/l 280 346 112 57 

VOLATILE SUSPENDED SOLIDS, mg/l 228 274 95 42 

GREASE, mg/l - - - -

COD, mg/l 690 695 187 195 

BOD, mg/l 282 203 59* 43** 

FLOATABLE PARTICULATES, mg/l 3.8 6.1 3.5 2.9 FLOATABLE PARTICULATES, mg/l 3.8 6.1 3.5 2.9 

SETTLEABLE SOLIDS @ 30 Min., ml/1 10 12 5 2 

TOTAL KJELDAHL NITROGEN, mg/l -N 28.6 27.5 16.2 34.2 

AMMONIA NITROGEN, mg/l -N - - - -

TOTAL PHOSPHATE, mg/l P0 4 
4 4.7 3.4 1.2 

SULFATE, mg/l 24 18 20 38 

CHLORIDE, mg/l 55 65 70 105 

SODIUM, mg/l 52 50 52 66 

POTASSIUM, mg/l 11.2 9.4 8.5 6.7 

CALCIUM, mg/l 20 22 30 36 

MAGNESIUM, mg/l 13.4 15.8 18.2 17 

* 30%-40% D.O. Depletion 
** 20%-30% D.O. Depletion 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
21 September 1966 

SAMPLE 
TIME 

1 
0000 

2 
0305 

3 
0610 

4 
0847 

5 6 7 
1800 

8 
2100 

TEMPERATURE, °C - 21.5 21.0 21.5 23.0 22.0 22.0 -

pH 7.6 7.6 7.5 7.8 7.5 7.5 7.5 7.4 

CONDUCTIVITY, umho/cm 590 740 740 740 700 700 695 620 

ALKALINITY, mg/l as CaC03 169 201 181 314 176 167 167 154 

SUSPENDED SOLIDS, mg/l 135 85 28 340 586 188 190 258 

VOLATILE SUSPENDED SOLIDS, mg/l 109 61 18 246 - 132 - 216 

GREASE, mg/l 23.9 8.4 4.8 53.4 51.9 26.8 35.2 67.3 

COD, mg/l 376 219 158 780 665 482 575 760 

BOD, mg/l 144 49* - 207 146 112 173 222 

FLOATABLE PARTICULATES, mg/l 5.4 4.2 1.5 11.8 3.9 4.3 1.4 3.8 

SETTLEABLE SOLIDS @ 30 Min., ml/1 7 2 0 17 8 6 - -

TOTAL KJELDAHL NITROGEN, mg/l -N 37.0 23.5 20.7 76.7 33.6 28.6 36.4 36.4 

AMMONIA NITROGEN, mg/l -N - - - - - - - -

TOTAL PHOSPHATE, mg/l P0 4 
7.1 3.8 2.4 8.1 13.6 11.1 10.3 9 

SULFATE, mg/l 20 16 20 20 36 32 32 28 

CHLORIDE, mg/l 68 90 100 75 68 70 68 65 

SODIUM, mg/l 56.5 62 69 58 80 74 70 60 

POTASSIUM, mg/l 9.6 7.6 6.6 13.8 9.9 12.8 14 13.5 

CALCIUM, mg/l 24 30 36 26 23 22 25.2 10 

MAGNESIUM, mg/l 9.7 14.6 19.4 11.7 11.7 13.4 10.2 4.9 

*30%-40% D.O. Depletion 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
23-24 September 1966 

SAMPLE 
TIME 

1 
2230 

2 
0130 

3 
0430 

4 
0730 

5 
1022 

6 
1350 

7 
1630 

8 
1930 

TEMPERATURE, °C 22 21.5 21 21 21.5 23.5 23.5 22 

pH 7.6 7.7 7.8 7.8 8.3 7.3 7.5 7.5 
CONDUCTIVITY, umho/cm 480 525 570 590 625 485 470 460 

ALKALINITY, mg/l as CaC03 165 197 192 185 270 167 161 152 

SUSPENDED SOLIDS, mg/l 171 120 142 73 374 214 175 197 

VOLATILE SUSPENDED SOLIDS, mg/l 139 95 99 44 286 179 139 IfiS 

GREASE, mg/l 29.6 27.9 3.9 3,7 28.8 23.7 27.9 67.7 

COD, mg/l 645 310 212 159 694 531 347 587 

BOD, mg/l 188 96 38** - 254 218 170* 218 

FLOATABLE PARTICULATES, mg/l 3.2 1.7 0.4 1.3 4.6 3.6 2.7 4.0 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - - - 2 16 9 - -

TOTAL KJELDAHL NITROGEN, mg/l -N 42.5 37.0 21.8 20.7 71.6 27.5 24.7 28.6 

AMMONIA NITROGEN, mg/l -N - - - - — - _ _ 

TOTAL PHOSPHATE, mg/l P0 4 8.3 4.5 1.9 1.5 9.6 16.2 12 9.4 

SULFATE, mg/l 24 22 22 24 20 40 32 24 

CHLORIDE, mg/l 68 70 100 105 70 58 58 60 

SODIUM, mg/l 63.5 63.5 65.5 67 60.5 77 70.5 60.5 

POTASSIUM, mg/l 10.8 10.0 8.5 7.2 14.3 10.8 10.8 m.fi 

CALCIUM, mg/l 20.8 24 36 38 26.8 20 22 24 

MAGNESIUM, mg/l 9.7 14.6 14.6 17 9.7 9.7 10.9 10.9 

* 30%-40% D.O. Depletion 
** 20%-30% D.O. Depletion 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
26-27 September 1966 

SAMPLE 
TIME 

1 
2113 

2 
0020 

3 
0300 

4 
0620 

5 
0920 

6 
1215 

7 
1515 

8 
1815 

TEMPERATURE, °C 22.5 22.0 22.0 21.0 22.0 22.5 23.5 22.5 

pH 7.6 8.0 8.1 8.0 8.9 7.7 7.5 7.6 

CONDUCTIVITY, umho/cm 455 490 560 575 665 490 470 495 

ALKALINITY, mg/l as CaC03 172 177 203 183 310 182 167 155 

SUSPENDED SOLIDS, mg/l 160 242 71 32 298 224 242 127 

VOLATILE SUSPENDED SOLIDS, mg/l 131 192 49 22 230 168 160 76 

GREASE, mg/l 59-6 23.1 10.1 5.9 22.4 34.5 38.4 29.3 

COD, mg/l 682 379 257 159 575 612 453 433 

BOD, mg/l 224 170 69* - 213 213 173 170 

FLOATABLE PARTICULATES, mg/l 0.6 0.8 0.3 0.1 0.8 1.0 0.9 1.3 

SETTLEABLE SOLIDS @ 30 Min., ml/1 8 8 4 1 15 8 7 6 

TOTAL KJELDAHL NITROGEN, mg/l -N 25.2 30.8 32.5 18.5 76.9 31.9 21.8 28.6 

AMMONIA NITROGEN, mg/l -N 15.7 20.2 14.0 11.2 59.5 14.6 11.7 16.3 

TOTAL PHOSPHATE, mg/l P0 4 9 6.6 3 5.7 7 13.4 10.5 9.2 

SULFATE, mg/l 24 24 22 24 210 48 30 30 

CHLORIDE, mg/l 30 60 85 90 60 50 53 60 

SODIUM, mg/l 60.5 57 63 65 50 77 72 70 

POTASSIUM, mg/l 12.5 11.4 9.1 7.3 17.3 10 12 11.6 

CALCIUM, mg/l 12 24 34 36 24 20 21.2 24 

MAGNESIUM, mg/l . 3.7 9.7 18.2 21.9 9.7 11.7 11.9 10.9 

* 30%-40% D.O. Depletion 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
2-3 October 1966 

SAMPLE 
TIME 

1 
2100 

2 
2230 

3 
0005 

4 
0130 

5 
0300 

6 
0430 

7 -
0600 

8 
0730 

TEMPERATURE, "C 22 22 22 22 21.5 21 21 21 

pH 7.3 7.2 7.8 7.8 7.8 7.6 7.7 7.7 

CONDUCTIVITY, umho/cm 700 640 730 770 800 780 820 770 

ALKALINITY, mg/l as CaC03 
177 175 188 204 203 191 193 198 

SUSPENDED SOLIDS, mg/l 262 226 239 169 103 51 36 63 

VOLATILE SUSPENDED SOLIDS, mg/l 200 178 191 136 69 34 20 49 

GREASE, mg/l 45.9 50.9 28.0 17.3 15.0 5.3 5.6 5.3 

COD, mg/l 555 734 611 245 - 131 114 131 

BOD, mg/l 316 282 151 131 59 35* 31* 48** 

FLOATABLE PARTICULATES, mg/l 1.5 5.1 1.6 0.8 1.0 1.3 0.6 1.0 

SETTLEABLE SOLIDS @ 30 Min., ml/1 7 8 9 9 3 2 2 4 

TOTAL KJELDAHL NITROGEN, mg/l -N 31.4 29.1 31.9 34.2 25.2 18.6 18.9 21.9 

AMMONIA NITROGEN, mg/l -N 17.9 19.0 19.6 22.4 16.2 13.5 13.5 15.7 

TOTAL PHOSPHATE, mg/l P0 4 
7.0 7.0 5.9 5.1 3.4 2.4 2.2 2.1 

SULFATE, mg/l 26 24 22 20 22 24 24 24 

CHLORIDE, mg/l 80 75 80 85 100 110 115 105 

SODIUM, mg/l 55 61 55 57 62 64.5 63.5 61 

POTASSIUM, mg/l 12 10.4 10.4 10.4 8.6 7.8 7.2 7.4 

CALCIUM, mg/l 20 22 26 24 32 32 36 34 

MAGNESIUM, mg/l 15.8 12.2 10.9 13.4 20.6 2.5 24.3 19.5 

* 30%-40% D.O. Depletion 
** 20%-30% D.O. Depletion 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL (Cont'd) 
2-3 October 1966 

SAMPLE 
TIME 

9 
0855 

10 
1030 

11 
1645 

12 
1800 

13 
1930 

TEMPERATURE, °C 21 22 23.5 22 22 

pH 8.45 8.15 7.6 7.7 7.8 

CONDUCTIVITY, umho/cm 780 780 700 700 670 

ALKALINITY, mg/l as CaC03 290 240 182 192 171 

SUSPENDED SOLIDS, mg/l 398 298 259 200 199 

VOLATILE SUSPENDED SOLIDS, mg/l 328 254 206 181 181 

GREASE, mg/l 19.9 25.5 47.7 28.7 42.0 

COD, mg/l 694 559 587 546 616 

BOD, mg/l 267 216 187 176 204 

FLOATABLE PARTICULATES, mg/l 2.7 0.7 0.9 1.4 1.4 

SETTLEABLE SOLIDS @ 30 Min., ml/1 13 13 9 8 8 

TOTAL KJELDAHL NITROGEN, mg/l -N 70.6 52.1 26.8 24.6 30.9 

AMMONIA NITROGEN, mg/l -N 45.4 33.0 12.3 15.1 16.2 

TOTAL PHOSPHATE, mg/l P0 4 6.6 10.8 11.0 9.9 11.5 

SULFATE, mg/l 34 38 34 36 34 

CHLORIDE, mg/l 75 75 80 80 75 

SODIUM, mg/l 48 67.5 75 72 71 

POTASSIUM, mg/l 13 11.8 10.7 11.4 14.4 

CALCIUM, mg/l 24 24 22 24 26 

MAGNESIUM, mg/l 14.6 13.4 17 12.2 9.7 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL 
6 September 1966 

SAMPLE 
TIME 

1 
0140 

2 
0445 

3 
0730 

4 
1030 

5 
1300 

6 
1625 

7 
1930 

8 
2230 

TEMPERATURE, °C 22 22 23.5 25.5 24 25 28 24 

pH 7.9 7.8 8.2 7.1 7.5 7.3 7.4 7.7 

CONDUCTIVITY, umho/cm 470 495 655 890 515 520 515 440 

ALKALINITY, mg/l as CaC03 
162 176 234 150 146 138 146 148 

SUSPENDED SOLIDS, mg/l 99 33 302 197 233 219 125 130 

VOLATILE SUSPENDED SOLIDS, mg/l 66 19 242 159 180 159 119 108 

GREASE, mg/l 13 9 - 57 106 64 101 54 

COD, mg/l 185 160 497 467 525 351 471 (445) 

BOD, mg/l 57 32 186 166 248 188 196 173 

FLOATABLE PARTICULATES, mg/l 5.3 3.6 2.9 0.6 4.3 1.2 3.0 2.6 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - - - - - - - -

TOTAL KJELDAHL NITROGEN, mg/l -N 23.5 - - - - - - -

AMMONIA NITROGEN, mg/l -N 21.3 - - - - - - -

TOTAL PHOSPHATE, mg/l P0 4 
2.8 2.7 7.8 10.5 11 11 19.8 7.1 

SULFATE, mg/l 18 10 10 22 18 16 22 16 

CHLORIDE, mg/l 30 20 30 140 52 50 35 35 

SODIUM, mg/l 20.5 20.5 25 108 60.5 50 48.5 27 

POTASSIUM, mg/l 7 6.2 9 8 7.9 8.7 8.2 8 

CALCIUM, mg/l 16 24 12 10 14 16 20 -

MAGNESIUM, mg/l 7.3 9.7 9.7 10.9 9.7 3.7 7.3 -

* P a r t i a l Sector 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL * 
8-9 September 1966 

SAMPLE 1 2 3 4 5 6 7 8 
TIME 2230 0130 0430 0730 1030 1330 1630 1.930 

TEMPERATURE, °C 25 23.5 22 23 26 26 25 25 

pH 7.4 7.3 7.4 8.1 8.0 7.6 7.6 7.4 
CONDUCTIVITY, umho/cm 295 285 325 500 545 505 435 440 
ALKALINITY, mg/l as CaC03 148 153 158 258 134 139 125 136 
SUSPENDED SOLIDS, mg/l 342 105 55 266 230 219 143 210 

VOLATILE SUSPENDED SOLIDS, mg/l 296 82 An 214 208 1,74 124 168 

GREASE, mg/l - 23 11 45 37 86 53 96 

COD, mg/l (555) 216 112 449 433 392 299 474 

BOD, mg/l 222 127 (21) 202 237 242 169 277 

FLOATABLE PARTICULATES, mg/l 4.9 2.9 0.7 2.1 1.9 1.7 2.0 2.'8 

SETTLEABLE SOLIDS @ 30 Min., ml/1 — — - - — - - — 

TOTAL KJELDAHL NITROGEN, mg/l -N 25.2 26.9 19.1 56.6 28.6 18.4 20.7 73.fi 

AMMONIA NITROGEN, mg/l -N 18.5 — — — — — — — 

TOTAL PHOSPHATE, mg/l P0 4 

SULFATE, mg/l 

CHLORIDE, mg/l 

SODIUM, me/1 
\j V-/ un* uig f No Dat d 
POTASSIUM, mg/l 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

* P a r t i a l Sector 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL * 
11-12 September 1966 

SAMPLE 
TIME 

1 
2235 

2 
0130 

3 
0430 

4 
0735 

5 
1030 

6 
1330 

7 
1630 

8 
1930 

TEMPERATURE, °C 24.5 23 22 23.5 26.5 25.5 25 26 

pH 5.8 7.5 7.4 8.0 8.3 7.9 7.6 7.6 

CONDUCTIVITY, umho/cm 458 395 373 480 495 420 410 462 

ALKALINITY, mg/l as CaC03 
52 143 142 208 141 125 134 138 

SUSPENDED SOLIDS, mg/l 184 92 44 380 186 198 222 260 

VOLATILE SUSPENDED SOLIDS, mg/l 164 78 36 320 162 180 194 244 

GREASE, mg/l 41 11 , 6 30 56 83 42 81 

COD, mg/l 560 167 146 550 515 480 425 730 

BOD, mg/l 197 80 (37) 202 208 211 144 280 

FLOATABLE PARTICULATES, mg/l 9.0 1.6 2.1 1.5 3.1 3.7 2.8 3.4 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - - - - 10 11 12 -

TOTAL KJELDAHL NITROGEN, mg/l -N 33.0 26.9 25.2 63.7 26.3 20.7 29.7 29.7 

AMMONIA NITROGEN, mg/l -N - - - - - - - -

TOTAL PHOSPHATE, mg/l P0 4 

SULFATE, mg/l 

CHLORIDE, mg/l 
•Mr* TV 

SODIUM, mg/l 

POTASSIUM, mg/l 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

* P a r t i a l Sector 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL 
17-18 September 1966 

SAMPLE 
TIME 

1 
2300 

2 
0150 

3 
0450 

4 
0750 

5 
1020 

6 
1320 

7 • 
1615 

8 
1930 

TEMPERATURE, "C 24.5 24 23.5 19 24.5 26 25 25 

PH 7.6 7.9 7.6 7.1 7.9 7.6 7.8 7.5 

CONDUCTIVITY, umho/cm 440 385 360 252 800 359 361 360 

ALKALINITY, mg/l as CaC03 
111 113 104 26 137 92 103 96 

SUSPENDED SOLIDS, mg/l 206 111 73 338 222 211 169 216 

VOLATILE SUSPENDED SOLIDS, mg/l 186 97 67 256 210 192 157 205 

GREASE, mg/l 59 19 52 59 53 83 55 99 

COD, mg/l 445 230 145 325 570 625 450 585 

BOD, mg/l 200 87 57 69 192 234 152 234 

FLOATABLE PARTICULATES, mg/l 7.5 4.1 8.5 2.7 3.9 4.2 2.2 7.4 

SETTLEABLE SOLIDS @ 30 Min., ml/1 10 8 7 4 14 11 10 9 

TOTAL KJELDAHL NITROGEN, mg/l -N 33.0 34.2 24.1 14.6 40.8 27.5 23.5 28.0 

AMMONIA NITROGEN, mg/l -N - - - - - - - -

TOTAL PHOSPHATE, mg/l PO4 5.6 2.9 1.4 0.4 6.5 8.2 8.5 5.4 

SULFATE, mg/l 16 10 10 16 18 22 20 16 

CHLORIDE, mg/l 35 25 20 35 155 40 35 45 

SODIUM, mg/l 38 19.5 17 19 110 42.5 42.5 38 

POTASSIUM, mg/l 9.2 7.5 5.6 4.2 12.8 8.5 9.9 10 

CALCIUM, mg/l 12 16 16 16 12 10 12 10 

MAGNESIUM, mg/l 9.7 3.7 7.3 2.4 6.1 9.7 7.3 8.5 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL 
20-21 September 1966 

SAMPLE 1 2 3 4 5 6 7 8 
TIME 2230 0115 0450 0730 1030 1330 1640 1930 

TEMPERATURE, aC - 24 23 24 27 26 25 25 

pH 7.6 7.6 7.9 8.4 7.5 8.1 7.9 7.6 

CONDUCTIVITY, umho/cm 345 340 320 420 500 410 460 370 

ALKALINITY, mg/l as CaCO-j 121 119 120 209 135 122 119 124 

SUSPENDED SOLIDS, mg/l 158 83 29 258 238 155 172 232 

VOLATILE SUSPENDED SOLIDS, mg/l 123 72 24 214 188 123 138 192 

GREASE, mg/l 19.7 9.1 3.9 25.7 34.1 20.5 26.1 33.9 

COD, mg/l 421 235 113 563 515 417 417 725 

BOD, mg/l 173 81 21 207 156 128 126 297 

FLOATABLE PARTICULATES, mg/l 6.3 2.4 1.1 3.3 2.8 0.5 2.3 2.1 

SETTLEABLE SOLIDS @ 30 Min., ml/1 10 7 - 19 12 9 - -
TOTAL KJELDAHL NITROGEN, mg/l -N 32.4 28.0 24.0 67.1 29.1 25.2 27.5 33.0 

AMMONIA NITROGEN, mg/l -N - - - - - - - -

TOTAL PHOSPHATE, mg/l P0 4 
6.7 2.7 2.3 5.2 8.1 7.7 4.5 5.2 

SULFATE, mg/l 20 14 12 16 22 20 16 16 

CHLORIDE, mg/l 25 20 18 25 68 35 30 28 

SODIUM, mg/l 70 38 17.5 29 85 52 42 35 

POTASSIUM, mg/l 9.5 7.5 6 10.8 9.6 10.6 9.5 9.4 

CALCIUM, mg/l 14 14.8 14 14 13.2 10 12 14 

MAGNESIUM, mg/l 4.9 4.9 5.6 4.9 3.7 2.2 2.4 6.1 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

DRY WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL 
23-24 September 1966 

SAMPLE 
TIME 

1 
2125 

2 
0000 

3 
0300 

4 
0600 

5 
0850 

6 
1200 

7 
1515 

8 
1810 

TEMPERATURE, °C 25 24.5 23.5 23 24 26 25.5 25.5 

pH 7.5 7.8 7.9 8.1 8.1 7.5 .7.5 7.3 

CONDUCTIVITY, umho/cm 350 370 330 368 510 370 370 368 

ALKALINITY, mg/l as CaC03 
110 128 121 143 195 104 106 87 

SUSPENDED SOLIDS, mg/l 192 116 76 85 298 184 161 194 

VOLATILE SUSPENDED SOLIDS, mg/l 174 101 70 74 246 156 145 190 

GREASE, mg/l 56.6 2.5 3.9 6.6 23.6 29.9 24.9 39.6 

COD, mg/l 633 359 147 167 518 470 408 518 

BOD, mg/l 232 115 56* 54* 212 194 188 254 

FLOATABLE PARTICULATES, mg/l 1.6 2.8 0.8 0.8 2.1 1.9 2.4 4.2 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - - - 7 18 10 - -

TOTAL KJELDAHL NITROGEN, mg/l -N 27.4 29.7 26.4 28.6 56.6 24.1 28.0 30.2 

AMMONIA NITROGEN, mg/l -N - - - - - - - -

TOTAL PHOSPHATE, mg/l PO4 5.5 5.2 1.6 2.4 5.9 9.6 7.5 7 

SULFATE, mg/l 16 16 10 10 14 22 22 18 

CHLORIDE, mg/l 25 25 20 23 33 33 35 33 

SODIUM, mg/l 32.5 32.5 17 18 32.5 46 43.5 38 

POTASSIUM, mg/l 9.3 6.5 5.3 5.5 9.6 8 8.2 8.1 

CALCIUM, mg/l 12 10.8 16 16 12 12 10 12 

MAGNESIUM, mg/l 7 4.4 4.4 7.3 4.9 2.4 7.3 7.3 

* 30%-40% D.O. Depletion 



DRY WEATHER COLIFORM MPN's - SELBY STREET 

Time 
Confirmed, x l O 4 MPN/ml Fecal, x l O 4 MFN/ml 

Time 13 June 1967 1 August 1967 Log Mean 13 June 1967 1 August 1967 Log Mean 

200 6 6 6 ^ 2.3 6 3.72 

830 62 240 122 23 62 37.8 

1000 62 23 37.8 13 23 17.3 

1130 23 23 23 23 23 23 

1300 23 62 37.8 23 62 37.8 

1430 62 6 19.3 6 6 6 

1600 62 23 37.8 23 6 11.75 

1730 62 62 62 6 62 19.3 

1900 130 23 54.7 6 6 6 

2030 23 62 37.8 6 62 19.3 

2200 130 130 130 13 62 28.4 

2330 23 62 37.8 £ 2.3 23 7.3 

0100 ;> 240 62 122 6.2 23 11.93 

0230 23 70 40.1 6.2 70 20.8 

0400 23 :> 240 74.3 6.2 24 12.2 

0530 6 70 20.5 6.2 70 20.8 



DRY WEATHER COLIFOEM MPN's - LAGUNA STREET 

Time 

4 
Confirmed, xlO ml Fecal, xlO MPN/ml 

Time 20 Dec 1967 17 Jan 1967 Log Mean 20 Dec 1967 20 Jan 1967 Log Mean 

600 23 62 38 < 2.3 6 6.0 

710 23 700 126 6 13 9.5 

845 62 62 62 23 23 2.3 

1005 240 62 120 4.6 62 1.7 

1155 240 50 103 < 2.3 23 6.8 

1300 62 62 62 6 6 6.0 

1450 62 21 26 13 < 2.3 5.0 

1610 23 62 38 6 < 2.3 3.5 

1755 240 23 74 6 < 2.3 3.5 

1900 23 50 34 6 6 6.0 

2115 240 240 240 < 6 4.6 3.0 

2200 - 62 62 - 6.0 6.0 

0000 62 6.0 20 < 6 6.0 3.5 

0105 4.6 6.0 5.3 4.6 < 2.3 3.0 

0300 62 ^ 2.3 11 6 < 2.3 3.5 

0400 23 23 23 6 < 2.3 3.5 



APPENDIX D 

WET WEATHER MONITORING DATA 

D-1 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (Cont'd) 

6 November 1966 

SAMPLE 9 10 11 12 13 14 15 16 

TIME 1154 1204 1214 1224 1244 1304 1324 1344 

FLOW, cfs 575 727 690 590 396 303 165 80 

COLIFORM MPN - Conf./Fecal, lQ 4/ml 

CONDUCTIVITY, umho/cm 90 86 77 67 69 91 139 229 

ALKALINITY, mg/l as CaC03 
25 23 21 17 17 18 18 18 

SUSPENDED SOLIDS, mg/l 412 432 440 398 264 162 122 80 

VOLATILE SUSPENDED SOLIDS, mg/l 168 ' 162 136 110 78 46 46 26 

GREASE, mg/l 51. 9 43. 9 48.7 24. 6 9.2 6.6 10.5 5.2 

COD, mg/l 408 350 268 239 173 168 144 165 

BOD, mg/l 75 52 35 35 23 28 26 25 

FLOATABLE PARTICULATES, mg/l 12. 9 3. 9 9.2 11. 7 .X * 3 1.9 1.2 2.8 

SETTLEABLE SOLIDS @ 30 Min., ml/1 6. 3 4. 0 4.3 3. 3 0.7 1.0 <0.3 <0.3 

TOTAL KJELDAHL NITROGEN, mg/l -N 7. 4 15. 8 3*3 8. 4 5.6 4.6 3.9 3.2 

AMMONIA NITROGEN, mg/l -N 0. 7 1. 4 0.7 0 0 0.4 1.1 0.4 

TOTAL PHOSPHATE, mg/l PO4 2. 22 1. 37 1.56 0. 83 0.63 0.75 0.9£ 0.8̂  

SULFATE, mg/I 24 18 22 20 24 20 50 26 

CHLORIDE, mg/l 

SODIUM, mg/l 9. 0 6. 0 7.0 7. 0 7.0 10.0 17.0 22.0 

POTASSIUM, mg/l 1. 8 2. 2 1.5 1. 3 1.5 1.2 2.1 2.7 

CALCIUM, mg/l 16. 0 15 2 14.4 8. 8 7.2 8.0 8.0 12.0 

MAGNESIUM, mg/l 3. 89 2. 92 0.97 0. 49 0.49 0.9 0.97 1.94 

SETTLED BOD, mg/l 32 32 30 26 16 14 15 19 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (Cont'd) 

6 November 1966 

SAMPLE 
TIME 

17 
1404 

18 
1424 

19 
1454 

20 
1524 

FLOW, cfs 80 67 50 20 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 192 128 99 118 

ALKALINITY, mg/l as CaC03 19 17 15 19 

SUSPENDED SOLIDS, mg/l 68 68 132 70 

VOLATILE SUSPENDED SOLIDS, mg/l 24 24 106 4 

GREASE, mg/l 2.0 4.3 16.8 9.2 

COD, mg/l 132 119 115 119 

BOD, mg/l 23 29 37 35 

FLOATABLE PARTICULATES, mg/l 2.1 2.1 2.5 2.4 

SETTLEABLE SOLIDS @ 30 Min., ml/1 <0.3 <0.3 1.3 <0.3 

TOTAL KJELDAHL NITROGEN, mg/l -N 2.6 3.2 3.5 3.5 

AMMONIA NITROGEN, mg/l -N 0 0.4 0.7 0 

TOTAL PHOSPHATE, mg/l PO^ 0.84 0.92 0.80 0.92 

SULFATE, mg/l 24 26 20 24 

CHLORIDE, mg/l 

SODIUM, mg/l 27.0 16.0 11.0 12.5 

POTASSIUM, mg/l 2.5 2.1 2.0 2.1 

CALCIUM, mg/l 11.2 8.0 7.2 8.0 

MAGNESIUM, mg/l 1.94 1.94 1.94 2.43 

SETTLED BOD, mg/l 13 20 20 19 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL 
15 November 1966 

SAMPLE 
TIME 

1 
0635 

2 
0640 

3 
0645 

4 
0650 

5 
0700 

6 
0710 

7 
0720 

8 
0730 

FLOW, cfs 105 170 150 130 90 90 70 90 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 245 212 232 220 420 415 375 270 

ALKALINITY, mg/l as CaCO-j 43 42 53 78 107 106 95 69 

SUSPENDED SOLIDS, mg/l 27 39 93 121 68 61 73 73 

VOLATILE SUSPENDED SOLIDS, mg/l 14 25 51 69 40 36 33 31 

GREASE, mg/l 1.8 8.2 7.3 6.3 4.5 0.4 3.9 5.2 

COD, mg/l 142 146 187 256 142 138 199 122 

BOD, mg/l 28 31 46 52 43 32 31 32 

FLOATABLE PARTICULATES, mg/l 16 15 20 13 10 18 - 13 

SETTLEABLE SOLIDS @ 30 Min., ml/1 <0.3 <0.3 1.7 1.0 <0.3 <0.3 - <0.3 

TOTAL KJELDAHL NITROGEN, mg/l -N 8.5 6.7 7.4 9.8 15.4 13.0 14.0 14.7 

AMMONIA NITROGEN, mg/l -N 2.5 1.8 2.1 3.5 7.7 9.1 9.8 8.4 

TOTAL PHOSPHATE, mg/l PO4 1.24 1.05 1.16 1.64 1.32 1.78 1.74 1.34 

SULFATE, mg/l 26 22 24 32 36 28 28 26 

CHLORIDE, mg/l 33.2 28.2 14.4 34.4 52.5 40.6 23.6 16.6 

SODIUM, mg/l 22.0 19.0 19.0 25.0 '33.5 30.5 28.0 19.0 

POTASSIUM, mg/l 3.7 3.2 3.2 3.7 4.5 4.0 4.0 4.0 

CALCIUM, mg/l 14.4 15.6 20.4 28.8 32.0 27.2 24.8 16.8 

MAGNESIUM, mg/l 1.70 1.46 1.46 2.19 13.12 8.74 6.3; 8.74 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL (cont'd) 

15 November 1966 

SAMPLE 
TIME 

9 
0750 

10 
0810 

11 
0830 

12 
0850 

13 
0910 

14 
0930 

15 
0950 

16 
1020 

FLOW, cfs 65 65 158 90 70 65 58 70 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 195 180 160 155 255 315 370 360 

ALKALINITY, mg/l as CaC03 
48 42 35 35 69 78 83 86 

SUSPENDED SOLIDS, mg/l 83 80 82 177 138 81 101 95 

VOLATILE SUSPENDED SOLIDS, mg/l 36 36 39 38 71 39 34 65 

GREASE, mg/l 4.6 7.2 8.6 10.5 6.3 5.3 4.9 9.8 

COD, mg/l 138 126 151 212 159 159 134 155 

BOD, mg/l 28 27 37 40 51 58 62 70 

FLOATABLE PARTICULATES, mg/l - 19 17 16 21 17 - 14 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - <0.3 <0.3 1.0 <0.3 <0.3 - <0.3 

TOTAL KJELDAHL NITROGEN, mg/l -N 11.6 8.4 6.0 13.0 17.2 20.0 25.6 27.7 

AMMONIA NITROGEN, mg/l -N 6.3 5.6 3.2 6.7 11.2 15.4 19.6 18.6 

TOTAL PHOSPHATE, mg/l P0 4 
1.36 1.01 0.58 0.94 1.23 2.08 2.47 1.94 

SULFATE, mg/l 18 24 20 20 18 20 26 32 

CHLORIDE, mg/l 15.8 13.2 15.0 14.0 19.2 22.2 28.2 27.4 

SODIUM, mg/l 13.5 13.0 12.0 12.0 18.0 21.5 25.0 24.0 

POTASSIUM, mg/l 3.5 3.1 2.8 2.8 4.3 4.8 5.7 5.8 

CALCIUM, mg/l 11.6 10.0 9.2 9.2 13.2 13.2 16.0 16.0 

MAGNESIUM, mg/l 1.94 1.94 1.21 1.70 2.43 1.94 2.19 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (cont'd) 

15 November 1966 

SAMPLE 
TIME 

17 
1050 

18 
1120 

19 
1150 

20 
1220 

FLOW, cfs 170 185 225 290 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 265 165 275 235 

ALKALINITY, mg/l as CaC03 55 36 76 54 

SUSPENDED SOLIDS, mg/l 108 76 49 98 

VOLATILE SUSPENDED SOLIDS, mg/l 40 56 28 36 

GREASE, mg/l 6.1 6.6 17.7 11.3 

COD, mg/l 126 134 285 147 

BOD, mg/l 52 35 108 81 

FLOATABLE PARTICULATES, mg/l - 5 - 15 

SETTLEABLE SOLIDS @ 30 Min., ml/1 - <0.3 - <0.3 

TOTAL KJELDAHL NITROGEN, mg/l -N 19.0 8.5 12.7 10.6 

AMMONIA NITROGEN, mg/l -N 11.6 3.9 5.3 4.2 

TOTAL PHOSPHATE, mg/l P0 4 2.04 1.26 4.80 3.22 

SULFATE, mg/l 28 24 32 26 

CHLORIDE, mg/l 11.4 16.2 23.8 19.0 

SODIUM, mg/l 17.0 13.5 28.0 23.0 

POTASSIUM, mg/l 4.6 3.1 4.9 4.4 

CALCIUM, mg/l 13.6 9.6 14.8 -

MAGNESIUM, mg/l 1.46 1.46 3.40 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL 
14-15 November 1966 

SAMPLE 
TIME 

1 
2155 

2 
2205 

3 
^ ? IJIM 

4 
2225 

5 
2235 

6 
2245 

7 
2305 

8 
2325 

FLOW, cfs 167 150 125 90 80 70 55 55 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 360 166 144 148 140 136 134 130 

ALKALINITY, mg/l as CaC03 
59 37 28 30 30 27 25 25 

SUSPENDED SOLIDS, mg/l 464 130 184 68 108 52 82 46 

VOLATILE SUSPENDED SOLIDS, mg/l 272 62 78 38 48 20 34 32 

GREASE, mg/l 42.1 28.1 24.7 14.2 15.5 8.9 10.1 11.7 

COD, mg/l 560 428 272 223 165 165 140 132 

BOD, mg/l 215 110 62 53 37 34 31 32 

FLOATABLE PARTICULATES, mg/l 19 19 38 20 39 18 21 -

SETTLEABLE SOLIDS @ 30 Min., ml/1 7.7 2.0 0.8 <9.3 <0.3 <0.3 <0.3 -

TOTAL KJELDAHL NITROGEN, mg/l -N 17.6 11.6 8.8 6.7 6.0 6.4 5.6 4.2 

AMMONIA NITROGEN, mg/l -N 2.5 2.8 2.8 1.8 1.4 1.1 0.7 0.7 

TOTAL PHOSPHATE, mg/l P0 4 
2.45 1.6C 1.32 1.0C I . i : 1.17 0.96 0.88 

SULFATE, mg/l 34 22 24 26 20 20 28 20 

CHLORIDE, mg/l 53.0 18.0 13.0 12.0 12.0 11.0 10.0 12.0 

SODIUM, mg/l 38 15 12.5 12.5 12.0 11.8 12.0 11.5 

POTASSIUM, mg/l 4.8 2.8 2.3 2.3 2.3 2.2 2.1 2.1 

CALCIUM, mg/l 16.0 10.4 9.2 10.0 9.2 8.8 8.8 8.4 

MAGNESIUM, mg/l 2.43 2.42 1.94 1.23 1.21 1.70 1.46 1.21 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (Cont'd) 
14-15 November 1966 

SAMPLE 
TIME 

9 
2345 

10 
0005 

11 
0035 

12 
0105 

FLOW, cfs 70 90 65 25 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 122 116 116 116 

ALKALINITY, mg/l as CaC03 
24 23 23 24 

SUSPENDED SOLIDS, mg/l 54 66 24 32 

VOLATILE SUSPENDED SOLIDS, mg/l 30 26 14 22 

GREASE, mg/l 3.5 4.8 5.2 5.7 

COD, mg/l 132 107 99 91 

BOD, mg/l 29 22 19 17 

FLOATABLE PARTICULATES, mg/l 27 - 25 -

SETTLEABLE SOLIDS @ 30 Min., ml/1 <0.3 - <0.3 -

TOTAL KJELDAHL NITROGEN, mg/l -N 5.0 3.9 3.9 4.2 

AMMONIA NITROGEN, mg/l -N 0.4 0.4 0.7 0.7 

TOTAL PHOSPHATE, mg/l P0 4 
0.80 0.78 0.76 0.76 

SULFATE, mg/l 26 26 20 22 

CHLORIDE, mg/l 12.2 11.2 10.6 11.2 

SODIUM, mg/l 11.0 10.5 10.0 10.0 

POTASSIUM, mg/l 2.0 1.9 2.0 1.9 

CALCIUM, mg/l 7.6 8.4 8.4 9.2 

MAGNESIUM, mg/l 1.21 0.97 1.21 0.97 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL 

20-21 January 1967 

SAMPLE 1 2 3 4 5 6 7 8 

TIME 0710 0720 0730 0745 0800 0820 0840 0900 

FLOW, cfs 210 210 200 190 190 170 210 227 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 
112 855 61 45 38.5 44 38.5 33.2 

SUSPENDED SOLIDS, mg/l 696 1014 794 484 276 576 348 162 

VOLATILE SUSPENDED SOLIDS, mg/l 386 470 360 224 128 324 184 68 

GREASE, mg/l 52.2 69.4 49.9 39.4 22.2 46.4 31.0 17.2 

COD, mg/l 676 952 732 436 252 560 404 188 

BOD, mg/l 321 453 156 114 72 257 101 40 

FLOATABLE PARTICULATES, mg/l 44.6 4.2 3.7 2.0 3.8 1.8 2.4 1.4 

SETTLEABLE SOLIDS @ 30 Min., ml/1 32 41 31 8 12 42 21 11 

TOTAL KJELDAHL NITROGEN, mg/l -N 26.95 21.70 15.05 7.00 6.65 13.65 7.35 3.50 

AMMONIA NITROGEN, mg/l -N 7.70 4.55 3.50 1.75 1.05 2.45 0.70 0.35 

TOTAL PHOSPHATE, mg/l P0 4 
1.15 1.23 0.85 0.70 0.55 1.00 0.70 0.92 

SULFATE, mg/l 92 72 50 32 33 22 16 15 

CHLORIDE, mg/l 60.0 25.0 14.5 11.5 9.5 10.5 8.5 9.5 

SODIUM, mg/l 40.0 16.2 11.0 9.2 7.2 8.0 8.0 8.0 

POTASSIUM, mg/l 7.2 5.0 3.4 2.9 2.4 2.7 2.2 2.3 

CALCIUM, mg/l 33.6 28.8 22.4 16.0 12.8 10.8 9.2 9.2 

MAGNESIUM, mg/l 12.6 8.3 5.8 3.9 3.9 3.6 3.6 3.9 

SETTLEABLE SOLIDS @ 30 min, mg/l 771 570 679 331 168 458 209 103 

VOLATILE SETTLEABLE SOLIDS, mg/l 442 242 271 118 39 258 113 44 

SETTLED COD, mg/l 241 237 155 94 - - 118 61 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL (cont'd) 

20-21 January 1967 

SAMPLE 9 10 11 12 13 14 15 16 

TIME 0930 1000 1100 1200 1300 1500 1700 1800 

FLOW, cfs 207 220 143 157 55 72 287 395 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 
30 24.6 28.9 32.1 34.2 44.0 23.6 25.7 

SUSPENDED SOLIDS, mg/l 146 134 106 100 126 118 220 244 

VOLATILE SUSPENDED SOLIDS, mg/l 54 56 36 40 54 48 54 64 

GREASE, mg/l 10.5 9.6 11.0 8.6 10.1 13.9 9.8 15.0 

COD, mg/l 140 164 132 112 308 200 196 160 

BOD, mg/l 28 26 20 25 36.5 50 23 23 

FLOATABLE PARTICULATES, mg/l 1.0 1.5 0.5 0.8 1.5 0.7 2.8 2.7 

SETTLEABLE SOLIDS @ 30 Mln., ml/1 2 2 2 2 2 2 5 2 

TOTAL KJELDAHL NITROGEN, mg/l -N 0.70 1.4C 1.05 0.70 1.05 1.75 - 2.45 

AMMONIA NITROGEN, mg/l -N - - - - - - -
TOTAL PHOSPHATE, mg/l P04 

0.55 0.66 0.68 0.80 0.86 1.18 0.48 0.44 

SULFATE, mg/l - 15 - 13 - 24 14 12 

CHLORIDE, mg/l 7.5 6.3 6.7 8.5 48.0 49.2 32.0 4.2 

SODIUM, mg/l 7.2 6.5 8.5 9.0 29.0 31.0 6.0 5.5 

POTASSIUM, mg/l 2.1 1.7 1.8 2.1 3.1 3.6 1.1 ^.L 

CALCIUM, mg/l 8.0 7.6 7.6 8.0 9.6 13.6 6.4 7.6 

MAGNESIUM, mg/l 2.7 2.2 2.2 1.7 4.1 2.9 1.5 1.2 

SETTLEABLE SOLIDS @ 30 min, mg/l 104 119 88 54 51 72 247 211 

VOLATILE SETTLEABLE SOLIDS, mg/l 31 43 31 19 25 26 74 59 

SETTLED COD, mg/l 40.8 44.9 40.8 40.8 77.5 102 65.2 44.9 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL (cont'd) 

20-21 January 1967 

SAMPLE 
TIME 

17 
1900 

18 
2100 

19 
2300 

20 
0100 

21 
0300 

22 
0425 

23 
0500 

24 
0745 

FLOW, cfs 237 173 380 163 46 395 315 430 

COLIFORM MPN - Conf./Fecal, 104/ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 
23.6 19.3 30 22.5 25.7 27.8 19.3 20.3 

SUSPENDED SOLIDS, mg/l 174 120 106 134 76 90 132 132 

VOLATILE SUSPENDED SOLIDS, mg/l 46 34 32 40 22 25 26 29 

GREASE, mg/l 8.2 9.1 5.6 3.2 1.2 6.2 17.8 4.7 

COD, mg/l 140 82 96 40 84 140 100 52 

BOD, mg/l 16 16 22 4.2 26.5 21.5 29.2 11.0 

FLOATABLE PARTICULATES, mg/l 5.2 8.9 0.8 1.8 0.6 2.3 4.5 6.4 

SETTLEABLE SOLIDS @ 30 Min., ml/1 2 2 2 2 2 2 2 2 

TOTAL KJELDAHL NITROGEN, mg/l -N 0.70 0.70 1.05 0.70 0.35 1.75 1.05 -

AMMONIA NITROGEN, mg/l -N - - - — - 0.35 - -

TOTAL PHOSPHATE, mg/l P0 4 
0.50 1.39 0.40 0.40 0.25 0.30 0.22 0.24 

SULFATE, mg/l 16 16 16 17 17 13 28 24 

CHLORIDE, mg/l 4.7 5.5 7.0 5.0 7.0 5.5 15.0 5.0 

SODIUM, mg/l 6.0 6.5 7.5 5.5 7.2 6.0 6.0 5.0 

POTASSIUM, mg/l 1.5 1.4 1.5 1.4 1.4 1.2 1.3 1.2 

CALCIUM, mg/l 6.8 6.4 8.4 6.0 8.8 8.0 6.4 6.0 

MAGNESIUM, mg/l 1.5 1.5 1.9 1.5 2.2 2.2 2.7 1.7 

SETTLEABLE SOLIDS @ 30 min, mg/l 103 158 142 67 29 208 177 134 

VOLATILE SETTLEABLE SOLIDS, mg/l 26 33 33 12 5 56 50 28 

SETTLED COD, mg/l 61.2 44.9 44.9 28.5 403 20.4 36.7 16.3 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (cont'd) 

20-21 January 1967 

SAMPLE 25 26 27 28 29 30 31 32 

TIME 0925 1130 1330 1529 1730 1930 2130 2330 

FLOW, cfs 390 395 390 143 240 390 170 65 

COLIFORM MPN - Coflf./Fecal, 10 /ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 
27.8 23.6 22.5 40.7 67.5 24.6 31 62 

SUSPENDED SOLIDS, mg/l 194 193 232 149 157 173 100 107 

VOLATILE SUSPENDED SOLIDS, mg/l 34 53 37 28 47 30 22 19 

GREASE, mg/l 2.1 2.5 3.7 2.9 1.9 2.3 1.4 0.9 

COD, mg/l 92 80 76 76 124 72 60 68 

BOD, mg/l 15.8 13.0 11.0 13.3 28.3 14.4 11.0 11.0 

FLOATABLE PARTICULATES, mg/l 5.0 5.1 4.6 1.8 2.1 7.9 6.7 5.1 

SETTLEABLE SOLIDS @ 30 Min., ml/1 2 2 2 2 2 2 2 1 

TOTAL KJELDAHL NITROGEN, mg/l -N 2.10 0.70 3.50 0.35 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l P0 4 
0.40 0.32 0.47 0.78 1.62 0.40 0.38 0.71 

SULFATE, mg/l 26 24 26 24 46 16 14 40 

CHLORIDE, mg/l 6.2 8.7 6.7 4.5 29.5 8.9 13.0 26,5 

SODIUM, mg/l 8.0 7.5 7.0 14.5 26.5 8.5 11.0 21.0 

POTASSIUM, mg/l 1.9 1.5 1.5 2.7 1 .9 7.7 V R 

CALCIUM, mg/l 9.6 7.2 6.8 16.4 30.4 8.8 12.8 26.4 

MAGNESIUM, mg/l 2.9 2.4 2.9 3.4 5.3 2.9 2.9 4.9 

SETTLEABLE SOLIDS @ 30 min, mg/l 144 185 191 93 83 84 58 36 

VOLATILE SETTLEABLE SOLIDS, mg/l 23 28 29 17 25 14 11 8 

SETTLED COD, mg/l 32.6 32.6 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (cont'd) 

20-21 January 1967 

SAMPLE 
TIME 

33 
0130 

FLOW, cfs 
4 

COLIFORM MPN - Conf./Fecal, 10 /ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 

SUSPENDED SOLIDS, mg/l 

VOLATILE SUSPENDED SOLIDS, mg/l 

55 

81 

97 

21 

GREASE, mg/l 

COD, mg/l 

BOD, mg/l 

FLOATABLE PARTICULATES, mg/l 

SETTLEABLE SOLIDS @ 30 Min., ml/1 

TOTAL KJELDAHL NITROGEN, mg/l -N 

0.9 

84 

13.3 

3.2 

1 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l PO4 

SULFATE, mg/l 

CHLORIDE, mg/l 

SODIUM, mg/l 

POTASSIUM, mg/l 

1.02 

60 

38.5 

30.5 

5.3 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

SETTLEABLE SOLIDS @ 30 min, mg/l 

VOLATILE SETTLEABLE SOLIDS, mg/l 

33.6 

10.2 

40 

9 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 

23-24 January 1967 

SAMPLE 1 2 3 4 5 6 7 8 

TIME 2125 2140 2210 2230 2300 2330 0040 0135 

FLOW, cfs 70 70 130 200 290 300 385 440 

COLIFORM MPN - Conf./Fecal, 104/ml 23/<2.3 6/6 13/5 70/2.3 >240/0,6 24/1.3 5/<0.23 0.23/0JD6 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 
196 198 187 98.5 49.2 25.7 21.4 18.2 

SUSPENDED SOLIDS, mg/l 122 80 124 515 418 149 133 131 

VOLATILE SUSPENDED SOLIDS, mg/l 74 53 93 343' 271 43 31 21 

GREASE, mg/l 10.5 18.7 16.2 68.2 25.7 11.9 2.3 3.2 

COD, mg/l 199 245 314 655 269 94 61 41 

BOD, mg/l 137 125 174 220 91 28 11 3.5 

FLOATABLE PARTICULATES, mg/l 1.9 5.0 1.3 0.9 3.8 3.1 2.6 1.7 

SETTLEABLE SOLIDS @ 30 Min., ml/1 1 1 1 85 60 13 8 2 

TOTAL KJELDAHL NITROGEN, mg/l -N 14.70 16.45 15.75 14.00 6.30 2.45 1.05 0.35 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l P0 4 7.50 4.85 4.50 1.21 1.02 0.61 0.57 0.45 

SULFATE, mg/l 72 62 54 34 14 N i l N i l N i l 

CHLORIDE, mg/l 129.2 97.5 97.5 47.5 21.5 11.2 7.0 7.5 

SODIUM, mg/l 84.5 72.0 65.0 14.0 7.0 6.0 6.0 6.0 

POTASSIUM, mg/l 9.9 9.5 11.2 5.4 2.4 1.1 1.0 0.8 

CALCIUM, mg/l 46.4 42.4 40.0 20.0 13.6 6.4 6.0 5.6 

MAGNESIUM, mg/l 13.1 11.2 12.2 9.7 2.4 1.9 1.7 1.0 

SETTLEABLE SOLIDS @ 30 min., mg/l 72 27 53 450 300 159 110 147 

VOLATILE SETTLEABLE SOLIDS, mg/l 21 5 28 310 170 55 39 21 

SETTLED COD, mg/l 159 241 306 2209 98 49 65 32.6 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL (Cont'd) 

23-24 January 1967 

SAMPLE 
TIME 

9 
0330 

FLOW, cfs 

COLIFORM MPN - Conf./Fecal, 10 /ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 

SUSPENDED SOLIDS, mg/l 

VOLATILE SUSPENDED SOLIDS, mg/l 

195 

1.3/0.06 

17.1 

287 

46 

GREASE, mg/l 

COD, mg/l 

BOD, mg/l 

FLOATABLE PARTICULATES, mg/l 

SETTLEABLE SOLIDS @ 30 Min., ml/1 

TOTAL KJELDAHL NITROGEN, mg/l -N 

4.9 

74 

6.2 

2.9 

1 

1.40 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l P0 4 

SULFATE, mg/l 

CHLORIDE, mg/l 

SODIUM, mg/l 

POTASSIUM, mg/l 

0.50 

Nil 

11.2 

5.0 

1.0 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

SETTLEABLE SOLIDS, @ 30 min., mg/l 

VOLATILE, SETTLEABLE SOLIDS, mg/l 

SETTLED COD, mg/l 

4.0 

1.5 

125 

23 

49 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL 
24 February 1967 

SAMPLE 1 2 3 4 5 6 

TIME 2050 2100 2110 2120 2140 2200 

FLOW, cfs 245 185 115 72 40 15 

4 

COLIFORM MPN - Conf./Fecal, 10 /ml 
37/6 130/6 62/62 23/<2.3 6/6 6/6 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 
219.3 107 40.7 30 27.8 23'. 5 

SUSPENDED SOLIDS, mg/l 1236 1260 552 260 167 109 

VOLATILE SUSPENDED SOLIDS, mg/l 886 702- 282 128 87 52 

GREASE, mg/l 1.2 120.5 20.3 34.6 5.1 12.9 

COD, mg/l 1762 1275 603 323 205 157 

BOD, mg/l 480 458 167 88.5 56.5 50 

FLOATABLE PARTICULATES, mg/l 17.9 7.8 2.9 3.8 

SETTLEABLE SOLIDS @ 30 Min., ml/1 145 85. 20 13 

TOTAL KJELDAHL NITROGEN, mg/l -N 54.0 34.3 12.95 7.7 5.6 3.85 

AMMONIA NITROGEN, mg/l -N 16.8 4.9 1.05 1.4 0.7 0.35 

TOTAL PHOSPHATE, mg/l P0 4 
8.55 2.75 0.58 0.46 0.73 0.34 

SULFATE, mg/l 28 75 14 11 10 80 

CHLORIDE, mg/l 96 26 19 17 16 16 

SODIUM, mg/l 76.5 25.0 13.0 11.8 10.5 10.5 

POTASSIUM, mg/l 12.3 5.4 2.6 2.4 2.1 2.0 

CALCIUM, mg/l 23.2 22.4 15.2 13.6 12.8 11.2 

MAGNESIUM, mg/l 19.9 5.8 2.9 5.1 3.1 2.9 

SETTLEABLE SOLIDS, mg/l 1067 959 498 164 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL 

10 March 1967 

SAMPLE 
TIME 

1 
2150 

2 
2200 

3 
2210 

4 
2220 

5 
2230 

6 
2240 

7 
2300 

8 
2320 

FLOW, cfs 150 165 185 190 165 160 185 180 

COLIFORM MPN - Conf./Fecal, 10 /ml 23/23 62/13 62/6 62/<2.3 >240/5 24/0.6 24/<0.23 2.3/<0.23 

CONDUCTIVITY, umho/cm 480 366 343 .256 206 163 164.5 153.5 

ALKALINITY, mg/l as CaCO-j 109 91.1 73.3 59.4 45.4 37.6 35.6 35.6 

SUSPENDED SOLIDS, mg/l 294 386 450 548 450 454 272 446 

VOLATILE SUSPENDED SOLIDS, mg/l 174 198 224 266 206 278 123 176 

GREASE, mg/l 69.3 63.8 93.0 83.6 62.5 34.5 39.7 27.2 

COD, mg/l 443 541 472 528 432 183 242 202 

BOD, mg/l 172 225 194 201 153 74 87 73 

FLOATABLE PARTICULATES, mg/l 2.4 7.9 3.4 3.9 6.5 3.0 2.7 1.3 

SETTLEABLE SOLIDS @ 30 Min., ml/1 14 12 28 32 25 11 15 5 

TOTAL KJELDAHL NITROGEN, mg/l -N 18.55 19.60 17.85 15.05 13.50 14.70 6.65 5.60 

AMMONIA NITROGEN, mg/l -N 7.70 7.00 4.90 3.50 2.80 2.45 1,40 1.40 

TOTAL PHOSPHATE, mg/l P0 4 .94 1.30 1.24 .99 .61 .56 .72 .54 

'SULFATE, mg/l 34 27 21 16 14 15 28 15 

CHLORIDE, mg/l 67 43 37 27 21 16 9 11.5 

SODIUM, mg/l 48.0 32.0 26.0 17.8 15.5 12.5 11.0 10.2 

POTASSIUM, mg/l 6.90 5.10 4.15 3.10 2.55 2.00 2.10 1.85 

CALCIUM, mg/l 20.0 18.4 16.8 14.4 12.0 9.6 8.8 9.6 

MAGNESIUM, mg/l 10.2 8.7 8.3 4.9 4.4 3.9 2.4 3.9 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
SELBY STREET OUTFALL (cont'd) 

10 March 1967 

SAMPLE 
TIME 

9 
2340 

10 
0010 

11 
0040 

• 

FLOW, cfs 
4 

COLIFORM MPN - Conf./Fecal, 10 /ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 

SUSPENDED SOLIDS, mg/l 

VOLATILE SUSPENDED SOLIDS, mg/l 

720 

1.3/0.23 

131.5 

41.5 

874 

388 

620 

>24/0.62 

74.8 

19.8 

920 

212 

330 

7/0.12 

109.5 

23.8 

370 

94 

GREASE, mg/l 

COD, mg/l 

BOD, mg/l 

FLOATABLE PARTICULATES, mg/l 

SETTLEABLE SOLIDS @ 30 Min., ml/1 

TOTAL KJELDAHL NITROGEN, mg/l -N 

72.7 

395 

88 

4.1 

25 

3.50 

29.7 

185 

56 

9.3 

8 

5.25 

15.5 

137 

30 

4.8 

2 

2.45 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l P0 4 

SULFATE, mg/l 

CHLORIDE, mg/l 

SODIUM, mg/l 

POTASSIUM, mg/l 

1.05 

.58 

13 

12 

9.5 

1.55 

1.75 

.23 

13 

5.5 

5.5 

1.10 

1.05 

.66 

14 

9 

8.0 

1.50 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

9.2 

5.1 

7.2 

2.9 

7.2 

2.4 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

SELBY STREET OUTFALL 
15 March 1967 

SAMPLE 
TIME 

1 
2225 

2 
2235 

3 
2250 

4 
2305 

5 
2324 

6 
2339 

7 
0010 

8 
0105 

FLOW, cfs 125 257 407 310 480 530 240 180 

4 

COLIFORM MPN - Conf./Fecal, 10 /ml 2.3/2.3 24/6.2 5/<0.23 6.2/<0.23 6.2/<0,-23 2.3/2.3 6.2/0.6 2.3/<0.23 

CONDUCTIVITY, umho/cm 714 505 283 119 82.2 91.4 109.5 68.5 

ALKALINITY, mg/l as CaC03 
182 158 77 33.6 13.8 21.7 18.7 18.1 

SUSPENDED SOLIDS, mg/l 378 564 576 302 320 231 222 174 

VOLATILE SUSPENDED SOLIDS, mg/l 178. 386 312 122 90 66 45 32 

GREASE, mg/l 67,7 122.0 46.7 25.2 8.7. 9.2 3.9 3.7 

COD, mg/l 439 753 360 178 132 62 54 33 

BOD, mg/l 216 345 124 55 23 17 5 2 

FLOATABLE PARTICULATES, mg/l 

SETTLEABLE SOLIDS @ 30 Min., ml/1 

TOTAL KJELDAHL NITROGEN, mg/l -N .16.45 22.75 11.55 2.45 1.05 1.75 2.10 Nil 

AMMONIA NITROGEN, mg/l -N 11.9 8.4 4.2 Ni l N i l N i l N i l Nil 

TOTAL PHOSPHATE, mg/l PO4 3.26 3.26 2.41 0.65 1.87 0.72 0.32 0.39 

SULFATE, mg/l 38 31 22 — 14 13 14 13 

CHLORIDE, mg/l 86 28 23 9 5 5 5.5 4.5 

SODIUM, mg/l 71.0 46.0 20.8 8.2 6,0 5.5 6.0 5.5 

POTASSIUM, mg/l 11.0 7.55 3.65 1.55 1.25 1.20 1.45 1.35 

CALCIUM, mg/l 32.0 17.6 13.6 6.4 4.8 4.8 4.4 5.2 

MAGNESIUM, mg/l 9.2 11.0 6.8 4.4 2.9 1.5 1.2 2.7 



fr 

TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS j 

SELBY STREET OUTFALL (cont'd) 

15 March 1967 j 

SAMPLE 
TIME 

9 
0134 

FLOW, cfs 
4 

COLIFORM MPN - Conf./Fecal, 10 /ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 

SUSPENDED SOLIDS, mg/l 

VOLATILE SUSPENDED SOLIDS, mg/l 

140 

2.3/<0.23 

122.5 

22.7 

127 

27 

GREASE, mg/l 

COD, mg/l 

BOD, mg/l 

FLOATABLE PARTICULATES, mg/l 

SETTLEABLE SOLIDS @ 30 Min., ml/1 

TOTAL KJELDAHL NITROGEN, mg/l -N 

2.3 

33 

2 

2.10 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l P0 4 

SULFATE, mg/l 

CHLORIDE, mg/l 

SODIUM, mg/l 

POTASSIUM, mg/l 

.35 

0.45 

15 

7. 

7.5 

1,55 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

8,0 

1.5 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
LAGUNA STREET OUTFALL 

10 March 1967 

SAMPLE 
TIME 

1 
2045 

2 
2055 

3 
2105 

4 
2115. 

5 

2125 
6 7 

2155 
8 

2215 

FLOW, cfs 7.35 7.35 7.35 7.35 7.35 14.35 18.9 7.35 

COLIFORM MPN - Conf./Fecal, 104/ml 4.6/4.6 6/<2.3 23/<2.3 <2.3/<2.3 <2.3/<2.3 23/<2.3 6.2/0.6 24/0.6 

CONDUCTIVITY, umho/cm 310.8 297.0 274.0 260.0 206.0 187.5 146.3 146.3 

ALKALINITY, mg/l as CaC03 
73.3 59.4 53.5 49.5 43.5 39.6 35.6 33.7 

SUSPENDED SOLIDS, mg/l 165 190 129 116 203 203 378 166 

VOLATILE SUSPENDED SOLIDS, mg/l 111 129 86 80 123 118 206 107 

GREASE, mg/l 35.6 38.2 23.3 23.6 47.3 28.0 34.5 14.2 

COD, mg/l 208 256 172 136 192 136 232 108 

BOD, mg/l 146 132 97 81 88 65 88 46 

FLOATABLE PARTICULATES, mg/l 1.0 1.4 1.2 1.6 4.4 2.4 3.6 2.1 

SETTLEABLE SOLIDS @ 30 Min., ml/1 15 16 10 7 11 10 15 8 

TOTAL KJELDAHL NITROGEN, mg/l -N 13.65 14.00 11.55 11.90 8.05 7.35 5.25 

AMMONIA NITROGEN, mg/l -N 4.20 4.20 3.85 2.80 3.50 23.80 3.15 2.10 

TOTAL PHOSPHATE, mg/l P0 4 
1.30 1.92 1.42 1.62 0.81 0.81 0.70 0.68 

SULFATE, rag/1 26 25 23 21 17 16 13 14 

CHLORIDE, mg/l 31 29 26.5 23.5 15.5 14 11 10 

SODIUM, mg/l 26.0 23.8 20.0 19.5 13.5 12.5 9.5 . 10.0 

POTASSIUM, mg/l 5.15 4.75 4.20 3.75 3.25 2.75 2.25 2.25 

CALCIUM, mg/l 15.2 13.6 12.8 11.2 11.2 10.4 8.8 7.2 

MAGNESIUM, mg/l 4.9 5.3 5.8 4.9 3.9 4.9 2.9 2.4 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
LAGUNA STREET OUTFALL (Cont'd) 

10 March 1967 

SAMPLE 
TIME 

9 
2235 

10 
2300 

11 
2330 

12 
2400 

FLOW, cfs 
4 

COLIFORM MPN - Conf./Fecal, 10 /ml 

CONDUCTIVITY, umho/cm 

ALKALINITY, mg/l as CaC03 

SUSPENDED SOLIDS, mg/l 

VOLATILE SUSPENDED SOLIDS, mg/l 

7.35 

6.2/<0.23 

200.5 

49.5 

104 

74 

11.6 

2.3/2.3 

118.0 

29.7 

117 

57 

80.6 

6.2/2.3 

111.5 

23.8 

483 

188 

28.6 

0.6/0.6 

64.0 

21.8 

83 

36 

GREASE, mg/l 

COD, mg/l 

BOD, mg/l 

FLOATABLE PARTICULATES, mg/l 

SETTLEABLE SOLIDS @ 30 Min., ml/1 

TOTAL KJELDAHL NITROGEN, mg/l -N 

120 

89.5 

2.8 

5 

7.35 

11.8 

88 

38 

1.9 

6 

4.55 

31.4 

236 

56 

7.8 

7 

4.55 

24,6 

48 

11 

3.2 

2 

Nil 

AMMONIA NITROGEN, mg/l -N 

TOTAL PHOSPHATE, mg/l P0 4 

SULFATE, mg/l 

CHLORIDE, mg/l 

SODIUM, mg/l 

POTASSIUM, mg/l 

2.10 

1.38 

17 

15.5 

15.8 

3.45 

1.40 

0.52 

8.0 

8.5 

1.90 

1.05 

0.66 

11 

6.5 

7.0 

1.40 

Nil 

0.24 

10 

5.0 

5.0 

1.05 

CALCIUM, mg/l 

MAGNESIUM, mg/l 

7.2 

3.9 

6.4 

3.4 

6,8 

1.5 

4.0 

0.97 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 

LAGUNA STREET OUTFALL 
15 March 1967 

SAMPLE 
TIME 

1 
2020 

2 
2030 

3 
2045 

4 
2100 

5 
7115 

6 
91 30 

7 
??1 5 

8 
2230 

FLOW, cfs 7.0 12.5 11.4 7.2 4.8 2.0 44 108 

COLIFORM MPN - Conf./Fecal, 104/ml 70/13 70/2.3 24/6.2 2.3/2.3 6.2/6.2 6.2/0.46 5/2.3 70/0.6 

CONDUCTIVITY, umho/cm 338 220 200.8 178 206 219.8 158.3 76.8 

ALKALINITY, mg/l as CaC03 82 43.4 27.6 35.5 46.4 51.3 29.6 16.8 

SUSPENDED SOLIDS, mg/l 304 442 194 130 104 73 187 237 

VOLATILE SUSPENDED SOLIDS, mg/l 234 264 149 86 81 56 92 119 

GREASE, mg/l 63.4 18.7 28.4 16.2 18.5 18.3 20.5 17.9 

COD, mg/l 458 425 210 198 169 251 210 165 

BOD, mg/l 252 169 97 104 92 108 51 41 

FLOATABLE PARTICULATES, mg/l 2.3 1.5 1.1 1.0 2.2 0.4 0.8 1.1 

SETTLEABLE SOLIDS @ 30 Min., ml/1 40 35 13 7 12 10 5 15 

TOTAL KJELDAHL NITROGEN, mg/l -N 19.95 15.75 13.30 8.0! 8.75 10.85 7.00 3.85 

AMMONIA NITROGEN, mg/l -N 10.50 4.20 2.80 3.5C 4.20 4.55 1.40 2.45 

TOTAL PHOSPHATE, mg/l P0 4 3.20 2.12 1.47 1.4] 1.86 1.40 1.17 1.13 

SULFATE, mg/l 29 18 15 18 17 19 17 10 

CHLORIDE, mg/l 32 21 21 14 19.5 18 14 5.5 

SODIUM, mg/l 29.5 18.5 19.0 14.5 18.0 16.0 11.0 6.0 

POTASSIUM, mg/l 6.70 3.65 2.90 3.0C 3.35 3.85 2.75 1.15 

CALCIUM, mg/l 11.2 10.4 8.0 8.4 8.0 8.8 7.2 4.8 

MAGNESIUM, mg/l 4.9 2.9 1.9 3.2 3.2 3.2 3.4 2.4 



TREATMENT OF COMBINED SEWER OVERFLOWS, SAN FRANCISCO 

WET WEATHER MONITORING RESULTS 
LAGUNA STREET OUTFALL (cont'd) 

15 March 1967 

SAMPLE 
TIME 

9 
2245 

10 
2300 

11 
2315 

12 
2340 

13 
2400 

FLOW, cfs 48 11.4 76.0 65.7 44 

COLIFORM MPN - Conf./Fecal, 104/ml 6.2/0.6 2.3/<0.23 2.3/2.3 0.6/<0.23 <0.23/<023 

CONDUCTIVITY, umho/cm 62.3 91.5 109.0 84.1 71.4 

ALKALINITY, mg/l as CaC03 
13.8 20.8 24.7 15.8 14.8 

SUSPENDED SOLIDS, mg/l 95 75 60 67 53 

VOLATILE SUSPENDED SOLIDS, mg/l 48 32 34 28 29 

GREASE, mg/l 7.2 5.2 6.7 2.2 6.7 

COD, mg/l 78 58 58 45 41 

BOD, mg/l 14 51 29 26 4 

FLOATABLE PARTICULATES, mg/l No sample 2.6 1.8 0.7 0.7 

SETTLEABLE SOLIDS @ 30 Min., ml/1 No sample - - - -

TOTAL KJELDAHL NITROGEN, mg/l -N 3.85 3.15 2.80 1.05 1.0; 

AMMONIA NITROGEN, mg/l -N 1.05 2.10 2.i0 0.35 Ni l 

TOTAL PHOSPHATE, mg/l PO4 No sample 0.4S 

SULFATE, mg/l 10 6 9 5 5 

CHLORIDE, mg/l No sample 5.0 No sample 3.0 

SODIUM, mg/l 5.0 2.0 7.5 5.0 5.0 

POTASSIUM, mg/l 1.05 1.40 1.65 1.20 1.1C 

CALCIUM, mg/l 4.0 5.6 4.4 4.0 

MAGNESIUM, mg/l 1.5 1.9 0.7 1.5 



APPENDIX E 

SPECIFIC MASS DISCHARGE FACTORS 



TABLE E - l 

MASS DISCHARGE BELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: BOD 

ho 

Date of 
Storm. 

6 Nov. 66 

14 Nov. 66 

15 Nov. 66 

20 Jan. 67 

23 Jan. 67 

24 Feb. 67 

10 Mar. 67 

15 Mar. 67 

Rainfall 

0.98 

0.42 

3.92 

0.72 

0.22 

1.34 

0.74 

Totals 

Flow-weighted Means 

8.34 

Runoff 
Factor 
(percent) 

35.8 

59.6 

81.3 

84.6 

13.7 

31.0 

34.8 

59.2 

Mass Discharge 
(103 lb) 

Total Due to Storm 

18.50 

3.00 

9.90 

56.80 

14.40 

6.94 

18.00 

9.62 

137.16 

14.58 

1.54 

6.82 

23.80 

12.33 

5.95 

16.34 

8.37 

89.73 

Mass Discharge 
Factor, (lbs per 

Acre-Inch of Runoff) 
Total Due to Storm 

15.4 

15.2 

5.25 

6.95 

67.7 

12.8 

11.1 

8.11 

12.2 

9.85 

2.20 

5.95 

57.9 

11 

9 .68J 

5.31 

10.84 



TABLE E - l (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: COD 

Mass Discharge 

Date of 
Storm 

Rainfall 
(in) 

Runoff 
Factor 
(percent) 

Mass Discharge 
(103 lb) 

Total Due to Storm 

Factor (lbs per 
Acre-Inch of Runoff) 
Total Due to Storm 

6 Nov. 66 0.98 35.8 102.0 91.9 85.5 77.1 

14 Nov. 66 ̂  11.7 8.1 
0.42 59.6 46.0 30.4 

15 Nov. 66 J 27.5 17.8 

20 Jan. 67 3.92 81.3 292.5 232.5 27.0 21.4 

23 Jan. 67 0.72 84.6 53.5 48.1 25.8 23.2 

24 Feb. 67 0.22 13.7 20.8 18.4 203.0 179.6 

10 Mar. 67 1.34 31.0 61.0 57.1 43.2 40.45? 10 Mar. 67 
V 38.2 

15 Mar. 67 0.74 34.8 32.4 29.4 37.0 33.6 J 

Totals 8.34 601.4 503.3 

Flow-weighted Means 59.2 35.8 29.8 



TABLE E--L (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: Suspended Solids 

l 
4> 

Date of Rainfall 
Storm (in) 

6 Nov. 66 0.98 

14 Nov. 66 ^ 
> 0.42 

15 Nov. 66 J 

20 Jan. 67 3.92 

23 Jan. 67 0.72 

24 Feb. 67 0.22 

10 Mar. 67 1.34 

15 Mar. 67 0.74 

Totals 8.34 

Flow-weighted Means 

Runoff 
Factor 
(percent) 

35.8 

59.6 

81.3 

84.6 

13.7 

31.0 

34.8 

59.2 

Mass Discharge 
(103 lb) 

Total Due to Storm 

204.0 

11.9 

13.7 

429.0 

99.5 

17.9 

155 

60.5 

852.0 

199.4 

10.0 

9.2 

402.9 

96.9 

16.8 

153 

59.0 

807.7 

Mass Discharge 
Factor (lbs per 

Acre-Inch of Runoff) 
Total Due to Storm 

171.0 

30.4 

39.6 

48.0 

175.0 

110 

69.1 

167.2 

22.6 

37.2 

46.7 

164.2 

56.5 53.8 



TABLE E - l (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: Volatile Suspended Solids 

Mass Discharge 

Date of Rainfall 
Runoff 
Factor 

Mass Discharge 
(103 lb) 

Factor 
Acre-Inch 

(lbs per 
of Runoff) 

Storm (in) (percent) Total Due to Storm Total Due to Storm 

6 Nov. 66 0.98 35.8 39.70- 35.94 35.0 29.9 

14 Nov. 

15 Nov. 

66 

66 J 
0.42 59.6 

2.90 

6.52 

1.54 

3.38 
11.09 5.78 

20 Jan. 67 3.92 81.3 126.40 107.40 11.66 9.91 

23 Jan. 67 0.72 84.6 33.10 31.12 16.00 15.0 

24 Feb. 67 0.22 13.7 11.00 10.20 107.60 100.0 

10 Mar. 67 1.34 31.0 51.00 49.66 36.1 35.2 
31 

15 Mar. 67 0.74 34.8 22.80 21.64 26.0 24.75 J 

Totals 8.34 293.42 260.88 

Flow-weighted Means 59.2 17.5 15.6 



l 
ON 

} 

Date of 
Storm 

6 Nov. 66 

14 Nov. 66 

15 Nov. 66 

20 Jan 67 

23 Jan. 67 

24 Feb. 67 

10 Mar. 67 

15 Mar. 67 

Totals 

Flow-weighted Means 

TABLE E - l (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: Floatables 

Rainfall 
(in) 

0.98 

0.42 

3.92 

0.72 

0.22 

1.34 

0.74 

8.34 

Runoff 
Factor 
(percent) 

35.8 

59.6 

81.3 

84.6 

13.7 

31.0 

34.8 

59-*2 

Mass Discharge 
(1Q3 lb) 

Total 

1.95 

0.14 

0.20 

10.60 

1.20 

0.19 

1.22 

15.50 

Due to Storm 

1.89 

0.12 

0.13 

10.17 

1.17 

0.18 

1.20 

Mass Discharge 
Factor (lbs per 

Acre-Inch of Runoff) 
Total Due to Storm 

1.62 

0.40 

0.977 

0.58 

1.86 

0.865 

14.86 

1.57 

0.294 

0.938 

0.565 

1.76 

0.85 

0.97 0.93 



TABLE E - l (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: Grease 

Mass Discharge 

Date of Rainfall 
Runoff 
Factor 

Mass Discharge 
(IO 3 lb) 

Factor 
Acre-Inch 

(lbs per 
of Run6ff) 

Storm (in) (percent) Total Due to Storm Total Due to Storm 

6 Nov. 66 0.98 35.8 9.30 8.88 7.74 7.39 

14 Nov. 66 ""I 

15 Nov. 66 J 
0.42 59.6 

0.75 

1.39 

0.36 

0.66 
2.52 1.20 

20 Jan. 67 3.92 81.3 17.50 14.07 1.615 1.298 

23 Jan. 67 0.72 84.6 4.65 4.08 2.245 1.972 

24 Feb. 67 0.22 13.7 1.11 0.80 10.86 7.83 

10 Mar. 67 1.34 31.0 10.25 9.81 7.26 6.95 ^ 

I 5.96 
15 Mar. 67 0.74 34.8 4.12 3.82 4.70 4.36 J 

Totals 8.34 49.07 42.48 

Flow-weighted Means 59.2 2.92 2.54 



TABLE E - l (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: Total Nitrogen 

Mass Discharge 

Date of Rainfall 
Runoff 
Factor 

Mass Discharge 
(103 lb) 

Factor 
Acre-Inch 

(lbs per 
of Runoff) 

Storm (in) (percent) Total Due to Storm Total Due to Storm 

6 Nov. 66 0.98 35.8 2.75 24 02 2.285 1.68 

14 Nov. 

15 Nov. 

66 ^ 

66 J 0.42 59.6 
0.34 

2.15 

0.11 

1.26 
2.930 1.61 

20 Jan. 67 3.92 81.3 4.95 0.89 0.456 0.082 

23 Jan. 67 0.72 84.6 1.18 0.83 0.570 0.401 

24 Feb. 67 0.22 13.7 0.58 0.49 5.67 4,80 

10 Mar. 67 1.34 31.0 1.40 1.13 0.993 0.80 ^ 
\0.774 

15 Mar. 67 0.74 34.8 0.85 0.64 0.970 0.73lJ 

Totals 8.34 14.2 7.37 

Flow-weighted Means 59.2 0.846 0.440 



TABLE E - l (cont'd) 

MASS DISCHARGE RELATIONSHIPS FOR 
SELBY STREET OUTFALL 

CONSTITUENT: Phosphate 

Mass Discharge 

Date of 
Storm 

Rainfall 
(in) 

Runoff 
Factor 
(percent) 

Mass Discharge 
(IO 3 lb) 

Total Due to Storm 

Factor (lbs per 
Acre-Inch of Runoff) 
Total Due to Storm 

6 Nov. 66 0.98 35.8 0.590 0.336 0.49 0.279 

14 Nov. 66 ̂  0.061 0.007 
0.42 59.6 

15 Nov. 66 J 0.348 0.176 

20 Jan. 67 3.92 81.3 1.382 0.327 0.128 0.030 

23 Jan. 67 0.72 84.6 0.362 0.276 0.175 0.133 

24 Feb. 67 0.22 13.7 0.073 0.040 0.715 0.392 

10 Mar. 67 1.34 31.0 0.118 0.052 0.084 0.037 *> 
> 0.111 

15 Mar. 67 0.74 34.8 0.250 0.199 0.286 0.228 J 

Totals 8.34 3.184 1.413 

Flow-weighted Means 59.2 0.190 0.084 



Date of 
Storm 

10 Mar. 67 

15 Mar. 67 

Totals 

Flow-weighted Means 
Adjusted Means 

Rainfall 

1.01 

0.813 

1.823 

TABLE E-2 

MASS DISCHARGE RELATIONSHIPS FOR 
LAGUNA STREET OUTFALL 

Runoff Mass Discharge 
Factor (10 3 lb) 
(percent) Total Due to Storm 

CONSTITUENT: 

34.6 1.89 

47.3 1.63 

BOD 

3.52 

1.24 

0.88 

2.12 

40.2 
70 

Mass Discharge 
Factor (lbs per 

Acre-Inch of Runoff) 
Total Due to Storm 

15.46 

12.10 

13.70 
9.50 

10.14 

6.54 

8.26 
4.04 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1.823 

Flow-weighted Means 
Adjusted Means 

CONSTITUENT: COD 

34.6 5.40 

47.3 4.46 

40.2 
70 

9.86 

3.82 

2.60 

6.42 

44.1 

33.2 

38.5 
33.5 

31.2 

19.3 

25.0 
20.0 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1.823 

Flow-weighted Means 
Adjusted Means 

CONSTITUENT: 

34.6 

47.3 

40.2 
70 

Suspended Solids 

10:56 9.93 

5.02 4.27 

15.58 14.20 

86.3 

37.3 

60.9 
37.5 

81.1 

31.75 

55.5 
32.1 



TABLE E-2 (cont'd) 

i 

Date of Rainfall 
Storm (in) 

Runoff 
Factor 
(percentl 

Mass Discharge 
(103 lb) 

Total Due to Storm 

CONSTITUENT: Volatile Suspended Solids 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1,823 

Flow-weighted Means 

Adjusted Means 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1.823 

Flow-weighted Means 

Adjusted Means 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1.823 

Flow-weighted Means 

Adjusted Means 

4.08 

2.74 

6.82 

34.6 

47.3 

40.2 

70 

CONSTITUENT: Floatables 

3.55 

2.11 

5.66 

34.6 

47.3 

40.2 

70 

0.152 

0.05 

0.202 

0.136 

0.032 

0.168 

CONSTITUENT: Grease 

34.6 

47.3 

40.2 

70 

0.87 

0.43 

1.30 

0.71 

0.29 

1.00 

Mass Discharge 
Factor (lbs per 

Acre-Inch of Runoff) 
Total Due to Storm 

33.40 

20.35 

25.83 

15.6 

1.24 

0.372 

0.79 

7.11 

3.20 

5.07 

2.83 

29.0 

15.68 

21.45 

10.8 

1.11 

0.238 

0.65 

5.80 

2.155 

3.90 

1.66 



TABLE E-2 (cont'd) 

Date of Rainfall 
Storm (in) 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1.823 

Flow-weighted Means 

Adjusted Means 

10 Mar. 67 1.01 

15 Mar. 67 0.813 

Totals 1.823 

Flow-weighted Means 

Adjusted Means 

Runoff Mass Discharge 
Factor (10 3 lb) 
(percent) Total Due to Storm 

CONSTITUENT: Total Nitrogen 

34.6 

47.3 

40.2 

70 

34.6 

47.3 

40.2 

70 

0.176 

0.163 

0.339 

0.083 

0.057 

0.140 

CONSTITUENT: Phosphate 

0.024 

0.036 

0.060 

Neg. 

0.006 

0.006 

Mass Discharge 
Factor (lbs per 

Acre-Inch of Runoff) 
Total Due to Storm 

1.44 

1.21 

1.33 

1.09 

0.679 

0.423 

0.545 

0.31 

0.196 

0.268 0.0445 

0.234 0.0234 

0.229 0.018 



APPENDIX F 

RECEIVING WATER COLIFORM DATA 

F-1 



TABLE F-1 

CONFIRMED COLIFORM MPN'S IN LAGUNA RECEIVING WATERS 
MARCH 1967 

Station 

Date and Period 1 2 3 4 5 6 7 

11 Evening 23 23 6 < 2.3 23 6 13 

12 Morning 23 240 700 240 700 23 62 

Evening 240 700 23 23 > 2400 6 23 

13 Morning 700 > 2400 > 2400 > 2400 240 6 240 

Evening 130 240 240 6 700 23 23 

14 Morning 6 62 6 62 23 23 23 

Evening 6 23 6 62 62 62 6 

15 Morning 23 62 23 23 50 23 6 

Evening 6 23 6 6 < 2.3 23 < 2.3 

16 Morning 23 240 23 23 23 6 6 

Evening 23 23 23 23 23 23 6 

17 Morning 6 20 6 50 62 23 6 

Evening < 2.3 6 < 2.3 6 6 62 23 

18 Morning 62 62 23 62 240 1.3 23 

Evening 6 23 23 6 23 6 23 

19 Morning 23 13 6 23 < 2.3 6 23 



TABLE F-2 

FECAL COLIFOBM MPN'S IN LAGUNA RECEIVING WATERS 
MARCH 1967 

Station 

Date and Period 1 2 3 4 5 6 7 

11 Evening 6 6 6 < 2.3 23 < 2.3 6 

12 Morning 6 4.6 62 23 240 6 23 

Evening 240 62 23 6 23 < 2.3 6 

13 Morning 700 > 2400 > 2400 > 2400 240 < 2.3 62 

Evening 62 23 23 6 62 23 6 

14 Morning < 2.3 < 2.3 < 2.3 < 2.3 < 2.3 6 6 

Evening < 2.3 23 6 6 4.6 < 2.3 < 2.3 

15 Morning < 2.3 6 6 < 2.3 6 6 < 2.3 

Evening 6 6 < 2.3 6 < 2.3 6 < 2.3 

16 Morning 23 240 < 2.3 6 6 6 < 2.3 

Evening 6 23 6 6 < 2.3 < 2.3 6 

17 Morning < 2.3 4.5 < 2.3 12 6 23 < 2.3 

Evening < 2.3 6 < 2.3 6 < 2.3 < 2.3 < 2.3 

18 Morning 13 23 6 < 2.3 13 6 6 

Evening < 2.3 < 2.3 6 < 2.3 6 < 2.3 < 2.3 

19 Morning 6 < 2.3 6 6 < 2.3 < 2.3 6 
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